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(54) Optical pickup apparatus, optical elements, and objective lens 



(57) An optical pickup apparatus for a first optical 
medium including a first transparent base plate having 
a thickness of t1 and a second optical medium including 
a second transparent base plate having a thickness of 
t2 (t2>t1), comprises a first light source (11) to emit a 
first light flux having a wavelength of X1 ; a second light 
source (12) to emit a second light flux having a wave- 
length of A2 (X1 < X2); a converging optical system (3) 
having an objective lens and a diffracting section and to 
converge the first light flux or the second light flux onto 
the first optical medium or the second optical medium; 
and an optical detector. When the converging optical 
system converges the second light flux onto the second 
information recording surface so as to conduct repro- 
ducing and/or recording the information of the second 
optical information recording medium, a spherical aber- 
ration has at least one discontinuous portion or at least 
one substantially discontinuous portion. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to an optical pick-up apparatus, optical elements, and an objective lens, and 
specifically to an optical pick-up apparatus which can information-record on two optical information recording media 
whose transparent substrate thickness are different, or can information-reproduce from two optical information record- 
ing media whose transparent substrate (base plate) thickness are different, and to optical elements and an objective 
lens for use in the apparatus. 

10 [0002] Recently, as a short wavelength red semiconductor laser is put to practical use, the development of a DVD 
(digital video disk) which is a high density optical disk whose size is almost the same as the conventional optical disk, 
that is, a CD (compact disk) which is an optical information medium, and whose capacity is greatly increased, is ad- 
vanced. In an optical system of an optical information recording and reproducing apparatus which uses such the optical 
disk as a medium, in order to attain the high increase of the density of a recording signal, it is required that the diameter 

15 of a spot which is converged by an objective lens, is reduced. Therefore, there is a real situation in which the shortening 
of the wavelength of a laser as a light source and an increase of NA of the objective lens are promoted. 
[0003] For example, in the optical pick-up apparatus for recording and/or reproducing the information on and from 
the DVD, when the short wavelength semiconductor laser of 635 nm is used as the light source, the numerical aperture 
NA of the objective lens to converge the laser light, on the optical disk side, is about 0.6. Incidentally, in the CD, or 

20 DVD, there are many kinds of standards of optical disks such as, for example, CD-R (Compact Disk-Recordable), and 
other than CD, or DVD, MD (Mini Disk)or the like, is put into the market, and comes into wide use. 
[0004] On the one hand, in the optical pick-up apparatus to record the information and/or to reproduce the information 
on or from the CD-R, the light source having the wavelength X = 780 nm is necessary, however, for the other optical 
disks, the light source having the wavelength other than the specific light source wavelength can be used, and in such 

25 the case, corresponding to the light source wavelength to be used, the necessary numerical aperture NA is changed. 
For example, the following values are approximated: in the case of CD, necessary numerical aperture NA = X (u,m)/ 
1.73, and in the case of DVD, the necessary numerical aperture NA = X (u,m)/1.06. The numerical aperture in the 
present specification is the numerical aperture of a converging optical system viewed from the optical disk side, and 
the necessary numerical aperture is the numerical aperture calculated from a spot size d required on the recording 

30 surface of the optical disk and the wavelength to be used X, and generally, NA = 0.83 xX + d. 

[0005] As described above, various optical disks whose transparent substrate thickness, recording density, and 
wavelength to be used, are different from each other, exist in the market, and to purchase the exclusively used infor- 
mation recording and reproducing apparatus by which the information can be recorded and /or reproduced on or from 
each of optical disks, Is a large burden on the user. Accordingly, an information recording and reproducing apparatus 

35 provided with the optical pick-up apparatus which can cope with various optical disks and is interchangeable, is pro- 
posed. 

[0006] In such the optical pick-up apparatus, when the light flux having the different wavelength is entered into the 
substrates with the different thickness, it is necessary that the spherical aberration is corrected to a smaller amount 
than a predetermined amount, and in order to appropriately write and read the information, the spot diameter of each 

40 light flux is made to be within a predetermined range. 

[0007] Accordingly, the optical pick-up apparatus which reproduces a plurality of optical disks by using one converg- 
ing optical system is proposed. For example, in Japanese Tokkaihei No. 7-302437, the optical pick-up apparatus in 
which the refraction surface of the objective lens is divided into ring-like plural areas, and the information is reproduced 
when the light beam is image-formed on one of the optical disks with the different thickness, by each of the divided 

45 surfaces of the objective lens, is disclosed. 

[0008] However, in the optical pick-up apparatus disclosed in Japanese Tokkaihei No. 7-302437, because one ob- 
jective lens has more than 2 focal points simultaneously, and the spot light amount of the focal point per one is reduced, 
there is a problem that it is necessary to increase the laser output. 

[0009] On the one hand, in Japanese Tokkaihei No. 10-142494, a 2 composition high NA lens for the pick-up, which 
so can cope with 2 kinds of information recording media with different transparent substrate thickness, is shown. However, 
in the technique disclosed in this application, because, by changing the interval between 2 lenses, the lens copes with 
the transparent substrates with different thickness, there is a problem that the structure becomes complicated. 
[0010] Further, in Japanese Tokkaihei No. 9-54973, an optical system using a hologram optical element by using 
the transmitted light (0-order diffracted ray) of 635 nm, and -1 order diffracted ray of 785 nm, and an optical system 
55 using the hologram optical element by using +1 order diffracted ray of 635 nm, and the transmitted light (0-order dif- 
fracted ray) of 785 nm, are disclosed. However, according to this hologram optical element, because the difference in 
level of the hologram is large, the integration with the objective lens is difficult. 

[0011] Further, in Japanese Tokkaihei No. 11-96585, the optical pick-up apparatus in which 3 divided surfaces are 
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provided on the refraction surface on the light source side of the objective lens, and in the case of the reproduction of 
the first optical disk, the light flux passing through the first divided surface and the third divided surface is used, and 
in the case of the reproduction of the second optical disk whose transparent substrate thickness is different from the 
first optica! disk, the light flux passing through the first divided surface and the second divided surface is used, is 
s disclosed. However, according to this objective lens, the residual aberration becomes large on the optica) disk (for 
example, CD) whose transparent substrate is thicker than the other. 

[0012] Further, the present inventors previously proposed the optical pick-up apparatus in Japanese Tokuganhei No. 
11-312701, in which the action of the diffraction surface and the refraction surface is cancelled for a plurality of light 
sources with different wavelengths and the spherical aberration is corrected by an objective lens on whose refractive 

10 surface the diffracting ring-shaped band is provided. In this case, there is a case where the chromatic aberration is 
generated, when the wavelength is changed in the light source whose wavelength is shorter than the other. 
[0013] Incidentally, normally, in the optical pick-up apparatus, a detector to detect a tracking error or the like, when 
it receives the reflected light from the optical information recording medium, is provided. In the conventional optical 
pick-up apparatus, because only the spot light is reflected from the optical information medium, as far as the spot light 

15 is irradiated on the correct recording position on the optical information recording medium, the possibility that the light 
is erroneously detected by the detector, is low. However, when the reflected light passes through the above objective 
lens, because the light flux more than a predetermined numerical aperture is irradiated on the optical information 
recording medium as a flare light, when the reflected light is detected by the detector, the possibility of the erroneous 
detection is generated. 

20 [0014] In contrast to this, an optical pick-up apparatus in which respective converging optical systems corresponding 
to each of different optical disks are provided, and the converging optical systems are switched corresponding to the 
optical disk to be reproduced, is proposed. According to such the optical pick-up apparatus, when the light flux having 
different wavelengths are entered into the substrates having the different thickness, the spherical aberration can be 
corrected to not larger than a predetermined amount, and the spot diameter of each light flux can be within a prede- 

25 termined range. However, in this optical pick-up apparatus, because a plurality of converging optical systems are 
necessary, the structure is complicated, and the cost becomes high, therefore, it is not preferable. 

SUMMARY OF THE INVENTION 



30 [001 5] An object of the present invention is to provide an optical pick-up apparatus in which, although a small number 
of optical elements or objective lenses are used, the information can be recorded and/or reproduced (hereinafter, simply 
called recording and reproducing) for the information recording medium with the different thickness, and an objective 
lens and optical elements for use in that. 

[0016] Further, another object of the present invention is, in the optical pick-up apparatus in which the information 
35 can be recorded and/or reproduced for the information recording medium with the different thickness, to provide an 
optical pick-up apparatus In which, even when the information recording medium whose necessary numerical aperture 
is not larger than the others is recorded and/or reproduced, the irradiation of unnecessary light to the optical detector 
can be prevented, and the detection accuracy can be increased. 

[001 7] An object of the present invention is to provide an objective lens, in which at least 2 kinds of optical information 
40 recording media having transparent substrates with different thickness can be reproduced or recorded by the light 
source with at least 2 wavelengths different from each other, and the chromatic aberration of the information recording 
medium with thinner transparent substrate can be reduced, and simultaneously, the residual aberration of the optical 
information recording medium with thicker transparent substrate can be reduced to a half, and an optical pick-up ap- 
paratus having a converging optical system including the objective lens. 
45 [0018] An object of the present invention is to provide an objective lens which, in a high NA objective lens of 2 
element-composition, can cope with the information recording media having the different thickness without changing 
the lens interval, and to provide an optical pick-up apparatus mounted with the objective lens. 
[001 9] An object of the present invention is to provide an optical element appropriate for an optical pick-up apparatus, 
which can record and/or reproduce the information (hereinafter, simply called recording and reproducing) for the optical 
so information media with different thickness, although a few number of optical elements or objective lenses are used, 
and can suppresses the erroneous detection, and to provide an optical pick-up apparatus using the optical element. 
[0020] Above objects can be attained by the following structures. 



(1 -1) An optical pickup apparatus to conduct reproducing and/or recording information of a first optical information 
55 recording medium including a first transparent base plate having a thickness of t1 and a second optical information 

recording medium including a second transparent base plate having a thickness of t2 (t2>t1), comprises: 



a first light source to emit a first light flux having a wavelength of X^ ; 
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a second light source to emit a second light flux having a wavelength of 12 (X1 < X2); 
a converging optical system to converge the first light flux or the second light flux onto a first information 
recording surface of the first optical information recording medium or a second information recording surface 
of the second optical information recording medium, the converging optical system having an objective lens; 
s and 

an optical detector to receive reflected light from the first optical information recording medium or the second 
optical information recording medium; 

wherein the converging optical system comprises a diffracting section on an entire surface in an effective 
aperture or an almost entire surface in the effective aperture of at least one surface thereof, 
io the converging optical system generates a m-th order diffracted light ray (m being an integer other than zero) 

more than other order diffracted light rays when the first light flux passes the diffracting section and converges 
the m-th order diffracted light ray onto the first information recording surface so as to conduct the reproducing 
and/or recording information of the first optical information recording medium; 

the converging optical system generates a n-th order diffracted light ray (n being an integer other than zero) 
is more than other order diffracted light rays when the second light flux passes the diffracting section and con- 

verges the n-th order diffracted light ray onto the second information recording surface so as to conduct the 
reproducing and/or recording information of the second optical information recording medium; and 
a spherical aberration has at least one discontinuous portion or at least one substantially discontinuous portion 
when the converging optical system converges the second light flux onto the second information recording 
so surface so as to conduct reproducing and/or recording the information of the second optical information re- 

cording medium. 

(1-2) In the optical pickup apparatus of (1-1), the following formula is satisfied: 

25 

m = n 

(1-3) In the optical pickup apparatus of (1-1), when an optical path difference function of the diffracting surface is 
<{>(h) where h is a distance from the optical axis along the direction perpendicular to the optical axis at the surface 
30 provided with the diffracting section, d<f>(h)/dh is discontinuous or substantially discontinuous at at least one point, 

whereby a spherical aberration has at least one discontinuous portion or at least one substantially discontinuous 
portion when the converging optical system converges the second light flux onto the second information recording 
surface in order to conduct reproducing and/or recording the information of the second optical information recording 
medium. 

35 (1-4) In the optical pickup apparatus of (1-3), the diffracting section has plural diffracting ring-shaped bands in 

which a prescribed ring-shaped band is located at the outermost side among inner ring-shaped bands located on 
an inside of the point of h where d<fr(h)/dh is discontinuous or substantially discontinuous and a neighbor ring- 
shaped band neighbors the prescribed ring-shaped band and is located on an outside of the point of h and, and 
wherein a width of the prescribed ring-shaped band along a direction perpendicular to an optical axis of the surface 

40 having the diffracting section is smaller than that of the neighbor ring-shaped band. 

(1-5) In the optical pickup apparatus of (1-1), a necessary numerical aperture at an optical information recording 
medium-side of the converging optical system necessary to conduct recording or reproducing the information of 
the first optical information recording medium with the first light flux is NA1 and a necessary numerical aperture 
at an optical information recording medium-side of the converging optical system necessary to conduct recording 

45 or reproducing the information of the second optical information recording medium with the second light flux is 

NA2 (NA1 > NA2), and wherein among the second light flux having passed the objective lens, a light flux having 
passed a portion whose numerical aperture at the optical information recording media-side is not smaller than NA2 
and is not larger than NA1 forms a spot on the second information recording surface through the second transparent 
base plate of the second optical information recording medium, a diameter of the spot is not smaller than w2 and 

so is not larger than w1 , and the following conditional formulas are satisfied: 

1 0 u.m <> w2 <> 50 u,m 



20 u.m £ w1 - w2 £ 1 1 0 u,m 

(1-6) In the optical pickup apparatus of (1-1), when the diffracting section is provided on an aspheric surface of 
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the objective tens and a length x along an optical axis of the objective lens is x coordinate and a height h perpen- 
dicular to the. optical axis is h coordinate, dx/dh is discontinuous or substantially discontinuous at at least one 
point on a basic aspheric surface of the aspheric surface provided with the diffracting section, whereby a spherical 
aberration has at least one discontinuous portion or at least one substantially discontinuous portion when the 
5 converging optical system converges the second light flux onto the second information recording surface In order 

to conduct reproducing and/or recording the information of the second optical information recording medium. 
(1-7) In the optical pickup apparatus of (1-1), the diffracting section is provided on a surface of the objective lens 
and the objective lens has a stepped portion in an effective aperture. 

(1-8) In the optical pickup apparatus of (1-1), a necessary numerical aperture at an optical information recording 
10 medium-side of the converging optical system necessary to conduct recording or reproducing the information of 

the first optical information recording medium with the first light flux is NA1 and a necessary numerical aperture 
at an optical information recording medium-side of the converging optical system necessary to conduct recording 
or reproducing the information of the second optical information recording medium with the second light flux is 
NA2 (NA1 > NA2), and wherein among the first light flux having passed the objective lens, when a first light flux 
is having passed a portion of the objective lens whose numerical aperture at the optical information recording media- 

side is not larger than NA1 passes through the first transparent base plate of the first optical information recording 
medium, a wave front aberration of the first light flux on the first information recording surface is not larger than 
0.07X1 rms, and among the second light flux having passed the objective lens, when a second light flux having 
passed a portion of the objective lens whose numerical aperture at the optical information recording media-side 
20 is not larger than NA2 passes through the second transparent base plate of the second optical information recording 

medium, a wave front aberration of the second light flux on the second information recording surface is not larger 
than 0.07X2 rms. 

(1-9) In the optical pickup apparatus of (1-8), among the second light flux having passed the objective lens, when 
the second light flux having passed a portion the objective lens whose numerical aperture at the optical information 
25 recording media-side is not larger than NA2 passes through the second transparent base plate of the second 

optical information recording medium, a third-order spherical aberration component of the wave front aberration 
of the second light flux on the second information recording surface shows an over characteristic and an absolute 
value (WSA2 • X2 rms) of the third-order spherical aberration component satisfies the following conditional formula: 

30 

0.02X2 rms £ WSA2 ■ 2 rms £ 0.06X2 rms 

(1-10) In the optical pickup apparatus of (1-8), among the first light flux having passed the objective lens, when 
the partial first light flux having passed a portion the objective lens. whose numerical aperture at the optical infor- 
35 mation recording media-side is not larger than NA1 passes through the first transparent base plate of the first 

optical information recording medium, an absolute value (WSA1 • X1 rms) of a third-order spherical aberration 
component of the wave front aberration of the partial first light flux on the first information recording surface satisfies 
the following conditional formula: 

40 WSA1 • X1 rms £ 0.04X1 rms 

(1-11) In the optical pickup apparatus of (1-1), the spherical aberration has two or more discontinuous portions or 
two or more substantially discontinuous portions when the converging optical system converges the second light 
45 flux onto the second information recording surface in order to conduct reproducing and/or recording the information 

of the second optical information recording medium. 

(1-12) In the optical pickup apparatus of (1 -1 ), the objective lens is a single lens having a positive refracting power. 
(1-13) In the optical pickup apparatus of (1 -1), the objective lens comprises a first lens having a positive refracting 
power and a second lens having a positive refracting power. 
so (1-1 4) In the optical pickup apparatus of (1 -1 ), the diffracting section comprises plural diffracting ring-shaped bands 

among which at least one diffracting ring-shaped band satisfies the following conditional formula: 

1.2 £ P U1 /P, £ 10 

55 

where P, is a width of the diffracting ring-shaped band located at i-th place counted from an optical axis of the 
surface provided with the diffracting section to a periphery of the lens in which the width is along the direction 
vertical to the optical axis. 
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(1-15) In the optical pickup apparatus of (1-1), a number m of a ring-shaped band through which a light ray of NA 
of 0.60 passes satisfies the following conditional formula: 

5 22 £ m £ 32 

wherein a number of ring-shaped band located on an optical axis on a surface provided with the diffracting section 
is 1 and the number m is counted toward the periphery side. 

(1-16) In the optical pickup apparatus of (1-1), a necessary numerical aperture at an optical information recording 

10 medium-side of the converging optical system necessary to conduct recording or reproducing the information of 

the first optical information recording medium with the first light flux is NA1 and a necessary numerical aperture 
at an optical information recording medium-side of the converging optical system necessary to conduct recording 
or reproducing the information of the second optical information recording medium with the second light flux is 
NA2 (NA1 > NA2), and wherein among the first light flux having passed the objective lens, when a first light flux 

is having passed a portion of the objective lens whose numerical aperture at the optical information recording media- 

side is not larger than NA1 passes through the second transparent base plate of the second optical information 
recording medium, a wave front aberration of the first light flux on the first information recording surface is not 
larger than 0.07X1 rms, and among the second light flux having passed the objective lens, when a partial second 
light flux having passed a portion of the objective lens whose numerical aperture at the optical information recording 

20 media-side is not larger than NA2 passes through the second transparent base plate of the second optical infor- 

mation recording medium, a wave front aberration of the partial second light flux on the second information re- 
cording surface is not larger than 0.07X2 rms, and when another partial second light flux having passed a portion 
of the objective lens whose numerical aperture at the optical information recording media-side is larger than NA2 
passes through the second transparent base plate of the second optical information recording medium, a wave 

25 front aberration of the another partial second light flux on the second information recording surface is larger than 

0.07X2 rms. 

(1-17) In the optical pickup apparatus of (1 -1 ), a numerical aperture of NAZ is a predetermined value which satisfies 
the following conditional formula: 

30 

0.43 < NAZ <S 0.53, 

and 

wherein among the second light flux having passed the objective lens, when a partial second light flux having 
35 passed a portion of the objective lens whose numerical aperture at the optical information recording media-side 

is not smaller than NAZ and not larger than 0.7 passes through the second transparent base plate of the second 
optical information recording medium and when another partial second light flux having passed a portion of the 
objective lens whose numerical aperture at the optical information recording media-side is smaller than NAZ passes 
through the second transparent base plate of the second optical information recording medium, an amount of 
40 spherical aberration of the partial second light flux is larger by 1 0X2 or more than that of the another partial second 

light flux. 

(1-18) In the optical pickup apparatus of (1-1), the optical detector comprises a light receiving surface arranged at 
a predetermined position and a numerical aperture of NAZ is a predetermined value which satisfies the following 
conditional formula: 

45 

0.43 <£ NAZ 5 0.53, 

and 

so wherein among the second light flux having passed the objective lens, when a partial second light flux having 

passed a portion of the objective lens whose numerical aperture at the optical information recording media-side 
is smaller than NAZ passes through the second transparent base plate of the second optical information recording 
medium, reflected light of the partial second light flux from the second recording surface proceeds into the light 
receiving surface of the optical detector and when another partial second light flux having passed a portion of the 

55 objective lens whose numerical aperture at the optical information recording media-side is not smaller than NAZ 

passes through the second transparent base plate of the second optical information recording medium, reflected 
light of the another partial second light flux from the second recording surface proceeds into a periphery region 
other than the light receiving surface of the optical detector. 
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(1-1 9) In the optical pickup apparatus of (1-1), the optical detector comprises a central light receiving surface and 
a peripheral light receiving surface arranged at predetermined positions respectively and a numerical aperture of 
NAZ is a predetermined value which satisfies the following conditional formula: 

5 0 .43 £ NAZ <S 0.53, 

and 

wherein among the second light flux having passed the objective lens, when a partial second light flux having 

10 passed a portion of the objective lens whose numerical aperture at the optical information recording media-side 

is not smaller than NAZ passes through the second transparent base plate of the second optical information re- 
cording medium, reflected light of the another partial second light flux from the second recording surface proceeds 
into the peripheral light receiving surface of the optical detector other than the central light receiving surface or a 
periphery region other than the periphery light receiving surface. 

15 (1-20) In the optical pickup apparatus of (1-1), the diffracting section comprises a first diffracting section and a 

second diffracting section and an order number of a strongest diffracted light ray generated by the first diffracting 
section for a light flux having a predetermined wavelength and an order number of a strongest diffracted light ray 
generated by the second diffracting section for the light flux having the predetermined wavelength are different 
from each other and not zero respectively. 

20 (1-21) In the optical pickup apparatus of (1-1), the diffracting section comprises a first diffracting section and a 

second diffracting section and an order number of a strongest diffracted light ray generated by the first diffracting 
section for a light flux having a predetermined wavelength and an order number of a strongest diffracted light ray 
generated by the second diffracting section for the light flux having the predetermined wavelength are same to 
each other and not zero respectively. 

25 (1 -22) An objective lens for use in an optical pickup apparatus to conduct reproducing and/or recording information 

of an optical information recording medium having a transparent base plate, comprises: 
at least one surface; 

wherein a diffracting section is provided on an entire surface of an effective aperture of the surface or an almost 
entire surface of the effective aperture of the surface, wherein when a light flux having a predetermined wavelength 
30 passes the diffracting section, the objective lens generate a m-th order diffracted light ray (m being an integer other 

than zero) more than other order light rays and when the m-th order diffracted light ray is converged through a 
transparent base plate having a predetermined thickness, a spherical aberration has at least one discontinuous 
portion or at least one substantially discontinuous portion. 

(1-23) In the objective lens of (1 -21), the optical pickup apparatus conducts reproducing and/or recording informa- 
35 tion of a first optical information recording medium including a first transparent base plate having a thickness of tl 

and a second optical information recording medium including a second transparent base plate having a thickness 
oft2(t2>t1), * 

when a first light flux having a wavelength of X1 passes the diffracting section, the objective lens generates 
40 the m-th order diffracted light ray (m being an integer other than zero) more than other order diffracted light 

rays and converges the m-th order diffracted light rays onto a first information recording surface so that the 
optical pickup apparatus conducts the reproducing and/or recording information of the first optical information 
recording medium; 

when a second light flux having a wavelength of 12 (M < A2) passes the diffracting section, the objective lens 
45 generates the n-th order diffracted light ray (n being an integer other than zero) more than other order diffracted 

light rays and converges the n-th order diffracted light rays onto a second information recording surface so 
that the optical pickup apparatus conducts the reproducing and/or recording information of the second optical 
information recording medium; and 

when the objective lens converges the second light flux onto the second information recording surface, a 
so spherical aberration has at least one discontinuous portion or at least one substantially discontinuous portion. 

(1-24) In the objective lens of (1 -23), the following formula is satisfied: 



(1-25) In the objective lens of (1 -23), when an optical path difference function of the diffracting surface is $(h) where 
h is a distance from the optical axis, d<t>(h)/dh is discontinuous or substantially discontinuous at at least one point, 
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whereby a spherical aberration has at least one discontinuous portion or at least one substantially discontinuous 
portion when the converging optical system converges the second light flux onto the second information recording 
surface in order to conduct reproducing and/or recording the information of the second optical information recording 
medium. 

(1-26) In the objective lens of (1-25), the diffracting section has plural diffracting ring-shaped bands in which a 
prescribed ring-shaped band is located at the outermost side among inner ring-shaped bands located on an inside 
of the point of h where d<f>(h)/dh is discontinuous or substantially discontinuous and a neighbor ring-shaped band 
neighbors the prescribed ring-shaped band and is located on an outside of the point of h and, and wherein a width 
of the prescribed ring-shaped band along a direction perpendicular to an optical axis of the surface having the 
diffracting section is smaller than that of the neighbor ring-shaped band. 

(1-27) In the objective lens of (1-23), when the objective lens has an aspheric surface and a length x along an 
optical axis of the objective lens is x coordinate and a height h perpendicular to the optical axis is h coordinate, 
dx/dh is discontinuous or substantially discontinuous at at least one point on a basic aspheric surface of the aspheric 
surface. 

(1-28) In the objective lens of (1-23), the objective lens has a stepped portion in an effective aperture. 
(1 -29) In the objective lens of (1 -23), when the objective lens converges the second light flux onto the second 
information recording surface in order to conduct reproducing and/or recording the information of the second optical 
information recording medium, a spherical aberration has at least two discontinuous portion or at least two sub- 
stantially discontinuous portion. 

(1-30) In the objective lens of (1 -22), the objective lens is a single lens having a positive refracting power. 
(1-31) In the objective lens of (1-22), the objective lens comprises a first lens having a positive refracting power 
and a second lens having a positive refracting power. 

(1-32) In the objective lens of (1-22), the diffracting section comprises plural diffracting ring-shaped bands among 
which at least one diffracting ring-shaped band satisfies the following conditional formula: 

1.2<SP k1 /P,!S10 

where P, is a width of the diffracting ring-shaped band located at i-th place counted from an optical axis of the 
surface provided with the diffracting section to a periphery of the lens in which the width is along the direction 
perpendicular to the optical axis. 

(1-33) In the objective lens of (1-21), a number m of a ring-shaped band through which a light ray of NA of 0.60 
passes satisfies the following conditional formula: 

22 5 m 5 32 

wherein a number of ring-shaped band located on an optical axis on a surface provided with the diffracting section 
is 1 and the number m is counted toward the periphery side. 

(1-34) In the objective lens of (1-22), the diffracting section comprises a first diffracting section and a second 
diffracting section and an order number of a strongest diffracted light ray generated by the first diffracting section 
and an order number of a strongest diffracted light ray generated by the second diffracting section for a light flux 
having a predetermined wavelength are different from each other and not zero respectively. 
(1-35) In the objective lens of (1-22), the diffracting section comprises a first diffracting section and a second 
diffracting section and an order number of a strongest diffracted light ray generated by the first diffracting section 
and an order number of a strongest diffracted light ray generated by the second diffracting section for a light flux 
having a predetermined wavelength are same to each other and not zero respectively. 

(1-36) An optical information reproducing and/or recording apparatus to conduct reproducing and/or recording 
information of a first optical information recording medium including a first transparent base plate having a thickness 
of tl and a second optical information recording medium including a second transparent base plate having a thick- 
ness of t2 (t2>tl), comprises: 

an optical pickup apparatus comprising: 

a first light source to emit a first light flux having a wavelength of X1 ; 

a second light source to emit a second light flux having a wavelength of X2 (X1 < X2); 

a converging optical system to converge the first light or the second light flux onto a first information 

recording surface of the first optical information recording medium or a second information recording sur- 
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face of the second optical information recording medium, the converging optica! system having an objec- 
tive lens; and 

an optical detector to receive reflected light from the first optical information recording medium or the 
second optical information recording medium; 

wherein the converging optical system comprises a diffracting section on an entire surface in an effective 
aperture or an almost entire surface in the effective aperture of at least one surface thereof, 
the converging optical system generates a m-th order diffracted light ray (m being an integer other than zero) 
more than other order diffracted light rays when the first light flux passes the diffracting section and converges 
the m-th diffracted light ray onto the first information recording surface so as to conduct the reproducing and/ 
or recording information of the first optical information recording medium; 

the converging optical system generates a n-th order diffracted light ray (n being an integer other than zero) 
more than other order diffracted light rays when the second light flux passes the diffracting section and con- 
verges the n-th diffracted light ray onto the second information recording surface so as to conduct the repro- 
ducing and/or recording information of the second optical information recording medium; and 
a spherical aberration has at least one discontinuous portion or at least one substantially discontinuous portion 
when the converging optical system converges the second light flux onto the second information recording 
surface so as to conduct reproducing and/or recording the information of the second optical information re- 
cording medium. 

[0021] Further, above objects can be also attained by the following preferable structures. 

(2-1) In an optical element usable in an optical pickup apparatus, at least one surface being a diffracting surface, 
wherein when an optical path difference function of the diffracting surface is <J>(h) where h is a distance from the 
optical axis, the optical path difference function is a discontinuous function in which d<j)(h)/dh is discontinuous or 
substantially discontinuous at a point where h is a predetermined distance. 

(2-2) In the optical element described in (2-1), the width in the perpendicular direction to the optical axis in the 
most outside ring-shaped band in the ring-shaped bands formed inside the predetermined length h of the optical 
element is not larger than the width in the perpendicular direction to the optical axis in the ring-shaped band which 
adjoins the most outside ring-shaped band and is formed outside the predetermined length h. 
(2-3) In the optical element described in (2-1) or (2-2), when the light is irradiated from the light source with the 
wavelength X2 located at a predetermined object distance onto the optical information recording medium having 
the transparent thickness t2 through the optical element, in the numerical aperture NA not larger than the prede- 
termined distance h, the wave-front aberration is not larger than 0.07 X2 rms, and the spherical aberration of the 
light rays passing through the inside of the predetermined distance h is not larger than the spherical aberration of 
the light rays passing through the outside of the predetermined distance h by 10 X2 - 100 X2. 
(2-4) In the optical element described in one of (2-1) to (2-3), at least one surface of the optical element is the 
diffraction surface having the diffracting ring-shaped band, and the i-th diffracting ring-shaped band of the at least 
one diffraction surface, counted from the optical axis toward the peripheral direction, satisfies the following condi- 
tional expression: 

1.2 £ P k1 /P, ^ 10 (2) 

where, P{. the width In the direction perpendicular to the optical axis of the i-th diffracting ring-shaped band counted 
from the optical axis toward the peripheral direction. 

(2-5) In an optical element usable in an optical pickup apparatus, at least one surface of the optical element is the 
diffraction surface having the diffracting ring-shaped band, and the i-th diffracting ring-shaped band of the at least 
one diffraction surface, counted from the optical axis toward the peripheral direction, satisfies the following condi- 
tional expression: 

1.2SP, +1 /P,S10 (2) 

where, P { : the width in the direction perpendicular to the optical axis of the i-th diffracting ring-shaped band counted 
from the optical axis toward the peripheral direction. 

(2-6) In the optical element applicable for the optical pick-up apparatus, the number m of the diffracting ring-shaped 
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band of the diffraction surface through which the light rays of NA 0.60 pass, satisfies 

22sms 32, 

5 

where, the number of the diffracting ring-shaped band of the ring-shaped band on the optical axis is 1 , and the 
number of the diffracting ring-shaped band is counted toward the outside. 

(2-7) In the optical element applicable for the optical pick-up apparatus, at least one surface is a diffraction surface 
having the diffracting ring-shaped band, and the number m of the diffracting ring-shaped band of the diffraction 
10 surface through which the light rays of NA 0.60 pass, satisfies 

22 ^ m ^ 32, 

is where, the number of the diffracting ring-shaped band of the ring-shaped band on the optical axis is 1 , and the 

number of the diffracting ring-shaped band is counted toward the outside. 

(2-8) In the optical element described in (2-6) or (2-7), light rays of the optical element are almost parallel light flux 

within the range of the wavelength 630 - 665 nm, and entered into the optical element. 

(2-9) In the optical element described in (2-1) or (2-8), the optical element is the objective lens. 

20 (2-1 0) In an objective lens applicable for the optical pick-up apparatus having the converging optical system in- 

cluding the objective lens for converging the light flux from the light sources having the different wavelengths, and 
the light receiving means for detecting the reflected light from the recording surface, which can record or reproduce 
the information for at least two of the first and the second optical information recording medium whose transparent 
thickness is different from each other, when two wavelengths different from each other are X1 and X2 (A,1 < X2), 

25 and the thickness of the transparent substrates of two optical information recording media different from each other 

are t1 and t2 (t1 < t2), and when the necessary numerical aperture on the image side necessary for recording or 
reproducing the optical information recording medium with the thickness t1 of the transparent substrate by the light 
flux of the wavelength M is NA1 , and the necessary numerical aperture on the image side necessary for recording 
or reproducing the optical information recording medium with the thickness t2 of the transparent substrate by the 

30 light flux of the wavelength X2 is NA2 (NA1 ^ NA2), the wave front aberration is not larger than 0.07 X1 rms for 

the combination of the wavelength A,1 , thickness tl of the transparent substrate, and necessary numerical aperture 
NA1 , and the wave front aberration is not larger than 0.07 X2 rms for the combination of the wavelength X2, thick- 
ness t2 of the transparent substrate, and necessary numerical aperture NA2, and the light flux not smaller than 
the necessary numerical aperture NA2 is made a flare, for the combination of the wavelength A2, and thickness 

35 t2 of the transparent substrate. 

(2-11) In the objective lens described in (2-1 0), when the light is irradiated from the light source with the wavelength 
X2 at a predetermined object distance onto the optical information recording medium with the transparent substrate 
thickness t2 through the objective lens, the light flux of the numerical aperture not smaller than NA2 and not larger 
than NA1 , is distributed in the range of not smalier than the diameter w2 and not larger than the diameter w1 , and 

40 satisfies the following conditional expressions: 

1 0 u.m ^ w2 ^ 50 u,m (3) 



20 p.m s w1 - w2 ^ 1 1 0 u,m (4) 

(2-12) In the objective lens described in (2-10) or (2-11), at least one surface of the objective lens is the diffraction 
surface having the diffracting ring-shaped band, and when the optical path difference function of the diffraction 
so surface is (h is the distance from the optical axis), 0(h)/dh at a portion of the predetermined distance h is a discon- 

tinuous or practically discontinuous function. 

(2-13) In the objective lens described in (2-12), the width in the perpendicular direction to the optical axis in the 
most outside ring-shaped band in the ring-shaped bands formed inside the predetermined distance h of the ob- 
jective lens is not larger than the width in the perpendicular direction to the optical axis in the ring-shaped band 
55 which adjoins the most outside ring-shaped band and is formed outside the predetermined distance h. 

(2-14) In the objective lens described in (2-12) or (2-13), when the light is irradiated from the light source of the 
wavelength X2 located at a predetermined object distance onto the optical information recording medium with the 
transparent substrate thickness t2 through the objective lens, in the numerical aperture NA not larger than the 
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predetermined distance h, the spherical aberration is not larger than 0.07 X2 rms, and the spherical aberration of 
the light rays passing though the inside of the predetermined distance h is not larger than the spherical aberration 
of the light rays passing through the outside of the predetermined distance h by 10 * 100 X2. 
(2-15) In the objective lens described in one of (2-10) or (2-14), at least one surface of the objective lens is the 
diffraction surface having the diffracting ring-shaped band, and the i-th diffracting ring-shaped band counted from 
the optical axis toward the peripheral direction, of the at least one diffraction surface, satisfies the following con- 
ditional expression: 1.2 ^ P i+1 /P| ^ 10, 

where, P: the width in the perpendicular direction to the optical axis of the i-th diffracting ring-shaped band, counted 
from the optical axis toward the peripheral direction. 

(2-1 6) In the objective lens described in one of (2-1 0) or (2-1 5), the number m of the diffracting ring-shaped band 
of the diffraction surface through which the light ray of NA 0.60 of the objective lens passes, satisfies 22 ^ m ^ 32. 
(2-1 7) In the objective lens described in one of (2-1 0) or (2-1 6), because the wavelength X1 is within the range of 
630 - 665 nm, preferably 635 nm or 650 nm, the wavelength X2 is within 750 - 810 nm, preferably 780 nm, the 
thickness tl is 0.6 mm, and the thickness t2 is 1.2 mm, the objective lens is appropriate for the optical pick-up 
apparatus which can record and/or reproduce the information for both of the DVD and CD. 
(2-18) In the objective lens described in one of (2-10) or (2-17), because the first optical information recording 
medium is DVD and the second optical information recording medium is CD, the objective lens appropriate for the 
optical pick-up apparatus which can record and/or reproduce the information for both of the DVD and CD, can be 
provided. 

(2-19) In an optical pick-up apparatus having the converging optical system including the objective lens for con- 
verging the light flux from the light sources having the different wavelengths, and the light receiving means for 
detecting the reflected light from the recording surface, which can record or reproduce the information for at least 
two of the first and the second optical information recording media whose transparent thickness is different from 
each other, when two wavelengths different from each other are X1 and X2 (X1 < X2), and the thickness of the 
transparent substrates of two optical information recording media different from each other are tl and t2 (t1 < t2), 
and when the necessary numerical aperture on the image side necessary for recording or reproducing the optical 
information recording medium with the thickness t1 of the transparent substrate by the light flux of the wavelength 
X1 is NA1 , and the necessary numerical aperture on the image side necessary for recording or reproducing the 
optical information recording medium with the thickness t2 of the transparent substrate by the light flux of the 
wavelength X2 is NA2 (NA1 s NA2), the wave front aberration is not larger than 0.07 X1 rms for the combination 
of the wavelength X1 , thickness tl of the transparent substrate, and necessary numerical aperture NA1 , and the 
wave front aberration is not larger than 0.07 X2 rms for the combination of the wavelength X2, thickness t2 of the 
transparent substrate, and necessary numerical aperture NA2, and the light flux not smaller than the necessary 
numerical aperture NA2 is made a flare, for the combination of the wavelength X2 and the thickness t2 of the 
transparent substrate. 

(2-20) In the optical pickup apparatus described in (2-19), when the light is irradiated from the light source with 
the wavelength X2 located at a predetermined object distance onto the optical information recording medium with 
the transparent substrate thickness t2 through the objective lens, the light flux of not smaller than numerical aperture 
NA2 and not larger than NA1 distributes in the range of not smaller than the diameter w2 and not larger than w1 , 
and satisfies the following conditional expressions: 



1 0 u,m s w2 ^ 50 u.m 



20 u.m ^ w1 -w2 ^ 110 u.m . 



(2-21) In the optical pickup apparatus described in (2-19) or (2-20), at least one surface of the objective lens of 
the optical pick-up apparatus is the diffraction surface having the diffracting ring-shaped band, and when the optical 
path difference function of the diffraction surface is <j>(h) (h is the distance from the optical axis), d<t>(h)/dh is the 
discontinuous or practically discontinuous function at a portion of a predetermined distance h. 
(2-22) In the optical pickup apparatus described in (2-21 ), in the diffracting ring-shaped band of at least one surface 
of the objective lens of the optical pick-up apparatus, the width in the perpendicular direction to the optical axis in 
the most outside ring-shaped band in the ring-shaped bands formed inside the predetermined distance h is not 
larger than the width in the perpendicular direction to the optical axis in the ring-shaped band which adjoins the 
most outside ring-shaped band and is formed outside the predetermined distance h. 

(2-23) In the optical pickup apparatus described in (2-21) or (2-22), when the light is irradiated from the light source 
of the wavelength X2 located at a predetermined object distance onto the optical information recording medium 
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with the transparent substrate thickness t2 through the objective lens of the optical pick-up apparatus, in the nu- 
merical aperture NA not larger than the predetermined distance h, the spherical aberration is not larger than 0.07X2 
rms, and the spherical aberration of the light rays passing though the inside of the predetermined distance h is not 
larger than the spherical aberration of the light rays passing through the outside of the predetermined distance h 
5 by 10X2- 100X2. 

(2-24) in the optical pickup apparatus described in one of (2-19) to (2-23), at least one surface of the objective 
lens is the diffraction surface having the diffracting ring-shaped band, and the i-th diffracting ring-shaped band 
counted from the optical axis toward the peripheral direction, of the at least one diffraction surface, satisfies the 
following conditional expression: 

10 

12SP M yP, ^ 10 

where, P: the width in the perpendicular direction to the optical axis of the i-th diffracting ring-shaped band, counted 

is from the optical axis toward the peripheral direction. 

(2-25) In the optical pickup apparatus described in one of (2-19) to (2-24), the number m of the diffracting ring- 
shaped band of the diffraction surface through which the light ray of NA 0.60 passes, satisfies 22 ^ m ^ 32. 
(2-26) In the optical pickup apparatus described in one of (2-19) to (2-25), the object point of the objective lens for 
the combination of the wavelength X1 and the thickness t1 of the transparent substrate, is at an opticaiiy equal 

20 distance to the object point of the objective lens for the combination of the wavelength X2 and the thickness t2 of 

the transparent substrate. 

(2-27) In the optical pickup apparatus described in one of (2-19) to (2-26), the wavelength X1 is within the range 
of 630 - 665 nm, preferably 635 nm or 650 nm, the wavelength X2 is within 750 - 810 nm, preferably 780 nm, the 
thickness t1 is 0.6 mm, and the thickness t2 is 1 .2 mm. 
25 (2-28) In the optical pickup apparatus described in one of (2-19) to (2-28), the first optical information recording 

medium is DVD and the second optical information recording medium is CD. 

(2-29) In an objective lens applicable for the optical pick-up apparatus, at lest one surface is the diffraction surface 
having the diffracting ring-shaped band, and the spherical aberration when the light flux of the wavelength X2 in 
the range of the numerical aperture NA of 0.5 - 0.7 passes through the objective lens is not smaller than the 
30 spherical aberration when the light flux of the wavelength X2 in the numerical aperture NA not larger than 0.5 

passes through the objective lens by 10X2 - 100X2. 

(2-30) In an optical pick-up apparatus having a light source to record and/or reproduce the information on the 
information recording surface of the optical information recording medium by irradiating the light with different 
wavelengths corresponding to 2 optical information recording media whose thickness of transparent substrates is 

35 different from each other, and an objective lens through which the light from the light source respectively passes, 

and which outputs the light to the optical information recording medium, at lest one surface of the objective lens 
is the diffraction surface having the diffracting ring-shaped band, and the spherical aberration when the light flux 
of a predetermined wavelength X2 in the range of the numerical aperture NA of 0.5 - 0.7 passes through the 
objective lens is not smaller than the spherical aberration when the light flux of the predetermined wavelength X2 

40 in the numerical aperture NA not larger than 0.5 passes through the objective lens by more than 10X2 - 100X2. 

(2-31) In an objective lens applicable for the optical pick-up apparatus which has the light source with the wave- 
length X, the converging optical system including the objective lens for converging the light flux from the light source 
onto the recording surface of the optical information recording medium, and the light receiving means having the 
light receiving surface for detecting the reflected light from the recording surface, and can record or reproduce the 

45 information for the optical information recording medium, the objective lens has the diffraction surface on at least 

one surface, and when the light flux of the wavelength X of the numerical aperture NA of not larger than 0.5 passes, 
the light flux reflected from the optical information recording medium is irradiated to the light receiving means so 
that the light flux is included in the light receiving surface of the light receiving means, and when the light flux of 
the wavelength X of the numerical aperture NA of not smaller than 0.5 passes, the light flux reflected from the 

so optical information recording medium is irradiated onto the surrounding except the light receiving surface of the 

light receiving means. 

(2-32) In the objective lens applicable for the optical pick-up apparatus described in (2-31 ), the light receiving 
means has one to three almost rectangular light receiving surfaces and the spot diameter on the optical information 
recording surface of the light flux not smaller than the numerical aperture NA of 0.5 is not smaller than 5 urn 
55 (2-33) In the objective lens applicable for the optical pick-up apparatus described in (2-31), the light receiving 

means has 3 rectangular light receiving surfaces aligned almost on a straight line and the spot diameter on the 
optical information recording surface of the light flux not smaller than the numerical aperture NA of 0.5 is not smaller 
than 25 urn. 
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(2-34) In an objective lens applicable for the optical pick-up apparatus which has the light source with the wave- 
length X, the converging optical system including the objective lens for converging the light flux from the light source 
onto the recording surface of the optical information recording medium, and the light receiving means having the 
central light receiving surface and the peripheral light receiving surface for detecting the reflected light from the 
5 recording surface, and can record or reproduce the information for the optical information recording medium, the 

objective lens has the diffraction surface on at least one surface, and when the light flux of the wavelength X of 
the numerical aperture NA of not smaller than 0.5 passes, the light flux reflected from the optical information 
recording medium is irradiated to the light receiving means so that the light flux includes only the peripheral light 
receiving surface. 

10 (2-35) In the objective lens applicable for the optical pick-up apparatus described in (2-34), the light receiving 

means has at least 2 stripe-like light receiving surfaces and the spot diameter on the optical information recording 
surface of the light flux not smaller than the numerical aperture NA of 0.5 is not smaller than 20 u/n. 
(2-36) In the objective lens applicable for the optical pick-up apparatus described in (2-34), the light receiving 
means has at least 4 stripe-like light receiving surfaces, and the spot diameter on the optical information recording 

15 surface of the light flux not smaller than the numerical aperture NA of 0.5 is not smaller than 50 urn. 

(2-37) In an optical pick-up apparatus which has the light source with the wavelength X, the converging optical 
system including the objective lens for converging the light flux from the light source onto the recording surface of 
the optical information recording medium, and the light receiving means having the light receiving surface for 
detecting the reflected light from the recording surface, and can record or reproduce the information for the optical 

20 information recording medium, the objective lens has the diffraction surface on at least one surface, and when the 

light flux of the wavelength X of the numerical aperture NA of not larger than 0.5 passes, the light flux reflected 
from the optical information recording medium is irradiated to the light receiving means so that the light flux is 
included in the light receiving surface of the light receiving means, and when the light flux of the wavelength X of 
the numerical aperture NA of not smaller than 0.5 passes, the light flux reflected from the optical information 

25 recording medium is irradiated to the surrounding except the light receiving surface of the light receiving means. 

(2-38) In the optical pick-up apparatus described in (2-37), the light receiving means has 1 to 3 almost rectangular 
light receiving surfaces and the spot diameter on the optical information recording surface of the light flux not 
smaller than the numerical aperture NA of 0.5 is not smaller than 5 u,m. 

(2-39) In the optical pick-up apparatus described in (2-37), the light receiving means has 3 rectangular light re- 
30 ceiving surfaces aligned almost on a straight line and the spot diameter on the optical information recording surface 

of the light flux not smaller than the numerical aperture NA of 0.5 is not smaller than 25 u,m. 
(2-40) In an optical pick-up apparatus which has the light source with the wavelength X, the converging optical 
system including the objective lens for converging the light flux from the light source onto the recording surface of 
the optical information recording medium, and the light receiving means having the central light receiving surface 
35 and the peripheral light receiving surface for detecting the reflected light from the recording surface, and can record 

or reproduce the information for the optical information recording medium, the objective lens has the diffraction 
surface on at least one surface, and when the light flux of the wavelength X of the numerical aperture NA of not 
smaller than 0.5 passes, the light flux reflected from the optical information recording medium is irradiated to the 
light receiving means so that the light flux includes only the peripheral light receiving surface. 
40 (2-41 ) In the optical pick-up apparatus described in (2-40), the light receiving means has at least 2 stripe-like light 

receiving surfaces and the spot diameter on the optical information recording surface of the light flux not smaller 
than the numerical aperture NA of 0.5 is not smaller than 20 jim. 

(2-42) In the optical pick-up apparatus described in (2-40), the light receiving means has at least 4 stripe-like light 
receiving surfaces and the spot diameter on the optical information recording surface of the light flux not smaller 

45 than the numerical aperture NA of 0.5 is not smaller than 50 u.m. 

(3-1) An optical pick-up apparatus is structured such that the light flux from the light source is converged onto the 
information recording surface by the converging optical system including the objective lens through the transparent 
substrate of the optical information recording medium, and recording or reproducing of the information is conducted, 
and the optical pick-up apparatus conducts recording or reproducing of the information of at least 2 kinds of optical 

so information recording media in which the thickness of the transparent substrate and recording density are different; 

and in the optical pick-up apparatus which has the first light source with the wavelength X1 (nm), the second light 
source with the wavelength X2 (nm) (X2 > X1 ), and a light detector which receives the reflected light from the optical 
information recording medium of the emitted light flux from the first light source and the second light source, and 
in which the necessary numerical aperture on the optical information recording medium side of the converging 

55 optical system necessary for recording or reproducing the first optical information recording medium whose trans- 

parent substrate thickness is t1 by the wavelength X1 , is NA1 , and the necessary numerical aperture on the optical 
information recording medium side of the converging optical system necessary for recording or reproducing the 
second optical information recording medium whose transparent substrate thickness is t2 (herein, t2 > t1 ) by the 
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wavelength X2, is NA2 (herein, NA2 < NA1), and when the diffraction pattern is provided on at least one surface 
of the converging optical system, and m-degree diffraction light (m is an integer) from the diffraction pattern of the 
converging optical system of the light flux from the first light source is at least used, the first optical information 
recording medium whose transparent substrate thickness is t1 is recorded and/or reproduced, and when n-degree 

5 diffraction light (n is an integer, and n = m = 0 is excepted)) from the diffraction pattern of the converging optical 

system of the light flux from the second light source is at least used, the second optical information recording 
medium whose transparent substrate thickness is t2 (t2 > t1 ) is recorded and/or reproduced, in the light flux from 
the second light source passed through the objective lens, the tertiary spherical aberration component of the wave 
front aberration when the light flux of a portion in which the numerical aperture is lower than NA2, on the optical 

io information recording medium side, passes through the transparent substrate of the second optical information 

recording medium, is excessive, and when the absolute value is WSA2 X2 rms, then, 

0 .02 X2 rms ^ WSA2 s 0.06 X2 rms. 

15 

(3-2) tn the optical pickup apparatus described In (3-1), m is an integer excluding 0 and n = m. 

(3-3) In the optical pickup apparatus described in (3-1 ) or (3-2), the objective lens is a single lens and the diffraction 

pattern is provided on the single iens. 

(3-4) In the optical pickup apparatus described in (3-1), (3-2) or (3-3), when the image formation magnification 
20 viewed from the optical information recording medium side of the objective lens at the time of recording or repro- 

ducing of the information of the first optical information recording medium is M1 and the image formation magni- 
fication viewed from the optical information recording medium side of the objective lens at the time of recording or 
reproducing of the information of the second optical information recording medium is M2, M2 and M 1 is nearly equal. 
(3-5) In the optical pickup apparatus described in (3-4), M1 and M2 are nearly 0. 
25 (3-6) In the optical pickup apparatus described in one of (3-1) to (3-5), the position onto which the light ray most 

apart from the optical axis in the light flux from the second light source passed the objective lens, is converged 
through the transparent substrate of the second optical information recording medium, is far from the objective 
lens, and farther than the position at which, in the light flux from the second light source passed the objective lens, 
the wave front aberration is minimum, when the light flux of a portion in which the numerical aperture on the optical 
30 information recording medium side is smaller than NA2, passes through the transparent substrate of the second 

optical information recording medium, and its difference is not smallerthan 5 urn When the difference is not smaller 
than 5 urn 

(3-7) In the optical pickup apparatus described in one of (3-1) to (3-5), the position onto which the light ray most 
apart from the optical axis in the light flux from the second light source passed the objective lens, is converged 

35 through the transparent substrate of the second optical information recording medium, is, far from the objective 

lens, and farther than the position at which, in the light flux from the second light source passed through the 
objective lens, the wave front aberration is minimum, when the light flux of a portion in which the numerical aperture 
on the optical information recording medium side is smaller than NA2, passes through the transparent substrate 
of the second optical information recording medium, and its difference is not smallerthan 15 u,m. 

40 (3-8) An optical pick-up apparatus is structured such that the light flux from the light source is converged onto the 

information recording surface by the converging optical system including the objective lens through the transparent 
substrate of the optical information recording medium, and recording or reproducing of the information is conducted, 
and the optical pick-up apparatus conducts recording or reproducing the information of at least 2 kinds of optical 
information recording media in which the thickness of the transparent substrates and recording density are different 

is and in the optical pick-up apparatus which has the first light source with the wavelength X1 (nm), the second light 

source with the wavelength XZ (nm) (X2 > M ), and a light detector which receives the reflected light from the optical 
information recording medium of the emitted light flux from the first light source and the second light source, and 
the necessary numerical aperture on the optical information recording medium side of the converging optical sys- 
tem necessary for recording or reproducing the first optical information recording medium whose transparent sub- 

50 strate thickness is t1 , by the wavelength X1 , is NA1 , and the necessary numerical aperture on the optical information 

recording medium side of the converging optical system necessary for recording or reproducing the second optical 
information recording medium whose transparent substrate thickness is t2 (herein, t2 > t1) by the wavelength A2, 
is NA2 (herein, NA2 < NA1), and when the almost ring-shaped band-like diffraction pattern is provided on at least 
one surface of the objective lens of the converging optical system, and m-degree diffraction light (m is an integer) 

55 from the diffraction pattern of the converging optical system of the light flux from the first light source is at least 

used, the first optical information recording medium whose transparent substrate thickness is t1 is recorded and/ 
or reproduced, and when n-degree diffraction light (n is an integer, and n = m - 0 is excepted)) from the diffraction 
pattern of the converging optical system of the light flux from the second light source is at least used, the second 
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optical information recording medium whose transparent substrate thickness is t2 (t2 > t1) is recorded and/or 
reproduced, when the numerical aperture on the optical information recording medium side of the light ray passing 
the peripheral edge of the almost ting band-like diffraction pattern including the optical axis is NAX, then, 0.2^ 
NAX/NA2 s 0.9 . 

5 (3-9) In the optical pickup apparatus described in (3-8), m is an integer excluding 0 and n = m. 

(3-10) In the optical pickup apparatus described in (3-8) or (3-9), the objective lens is a single lens. 
(3-11) In the optical pickup apparatus described in (3-8), (3-8) or (3-10), when the image formation magnification 
viewed from the optical information recording medium side of the objective lens at the time of recording or repro- 
ducing of the information of the first optical information recording medium is M1 and the image formation magni- 

10 fication viewed from the optical information recording medium side of the objective lens at the time of recording or 

reproducing of the information of the second optical information recording medium is M2, M2and M1 is nearly equal. 
(3-12) In the optical pickup apparatus described in (3-11), M1 and M2 are nearly 0. 

(3-1 3) In the optical pickup apparatus described in one of (3-8) to (3-1 2), the number of ring-shaped bands is 7 to 30. 
(3-14) In the optical pickup apparatus described in (3-1 ), (3-2), (3-8) or (3-9), the light flux incident on the information 

15 recording surface is divided into at least 3 light flux of the first tight flux in the vicinity of the optical axis, the second 

light flux outside the first light flux, and the third light flux outside the second light flux, and the second light flux is 
caused not to reach the vicinity of the information recording surface, by the shielding means, and in the m-degree 
diffraction light from the diffraction pattern of the converging optical system of the light flux from the first light source, 
the first light flux and the third light flux mainly form the beam spot, and records and/or reproduces the first optical 

so information recording medium, and in the n-degree diffraction light from the diffraction pattern of the converging 

optical system of the light flux from the second light source, the first light flux mainly forms the beam spot, and 
records and/or reproduces the second optical information recording medium. 

(3-15) In the optical pickup apparatus described in (3-14), the objective lens is single lens and the diffraction pattern 
is provided on the single lens. 

25 (3-1 6) In the optical pickup apparatus described in (3-14) or (3-1 5), the objective lens is single lens and the shielding 

means is provided on the single lens. 

(3-1 7) In the optical pickup apparatus described in (3-1 ), (3-2), (3-8) or (3-9), the light flux incident on the information 
recording surface is divided into at least 3 light flux of the first light flux in the vicinity of the optical axis, the second 
light flux outside the first light flux, and the third light flux outside the second light flux, and the beam spot is formed 

30 and the first optical information recording medium is recorded and/or reproduced, when the first light flux and the 

third light flux in the light flux from the first light source at least utilize the m-degree diffraction light from the diffraction 
pattern of the converging optical system, and the beam spot is formed and the second optical information recording 
medium is recorded and/or reproduced, when the first light flux and the third light flux at least utilize the n-degree 
diffraction light from the diffraction pattern of the converging optical system of the first light flux of the light flux from 

35 the second light source, and the second light flux. 

(3-1 8) In the optical pickup apparatus described in (3-1 7), the convergent position of a most apart portion from the 
optical axis in the first light flux of the light flux from the second light source is different from the convergent position 
of the second light flux. 

(3-19) In the optical pickup apparatus described in (3-17), the objective lens is a single lens and the diffraction 
pattern is provided on the single lens. 

(3-20) In the optical pickup apparatus described in (3-1 7), (3-1 8) or (3-1 9), the second light flux is diffracted by the 
diffraction pattern. 

(3-21) In the optical pickup apparatus described in (3-1 7), (3-1 8) or (3-1 9), the second light flux passes through a 
portion having no diffraction pattern. 
45 (3-22) In the optical pickup apparatus described in (3-1 ), (3-2), (3-8) or (3-9), in the light flux from the second light 

source, the light flux in which the numerical aperture on the optical information recording medium side is more 
than NA3 (NA2 £ NA3 < NA1), is made not to reach in the vicinity of the information recording surface by the 
shielding means. 

(3-23) In the optical pickup apparatus described in (3-22), the shielding means is preferably a ring-shaped band 
50 dichroic filter through which the light flux with the wavelength X1 passes and on which the light flux with the wave- 

length X2 is reflected. 

(3-24) In the optical pickup apparatus described in one of (3-1 ) to (3-23), by the light flux of a portion in which the 
numerical aperture on the optical information recording medium side, in the n-degree diffraction light from the 
diffraction pattern of the converging optical system of the light flux from the second source is smaller than almost 
55 NA2, the beam spot is formed, and the second optical information recording medium is recorded and/or reproduced, 

and a portion in which the numerical aperture is larger than almost NA2 is the flare light. 
(3-25) In the optical pickup apparatus described in one of (3-1) to (3-24), the first light source and the second light 
source are formed into a unit, and the light detector is common to the first light source and the second light source. 
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(3-26) An objective lens for use in an optical pick-up apparatus to conduct the recording or reproducing of the 
information for the optical information recording medium, has the diffraction pattern at least on one surface, and 
when the parallel light flux of the wavelength 780 nm are incident on the surface, the tertiary spherical aberration 
component of the wave front aberration when a portion in which the numerical aperture on the optical information 
recording medium side, is smaller than 045, in the light ftux passed through the objective lens, passes through 
the transparent substrate of the thickness 1 .2 mm, and the refractive index 1 .57, is excessive, and the absolute 
value is WSA2 X2 rms, and in the case where the parallel light flux of the wavelength 650 nm are incident on the 
surface, when the absolute value of the tertiary spherical aberration component of the wave front aberration when 
a portion in which the numerical aperture on the optical information recording medium side is smaller than 0.6, in 
the light flux passed through the objective lens, passes through the transparent substrate of the thickness 0.6 mm 
and the referactive index 1 .58, is WSA1 X1 rms, the following conditional expressions are satisfied: 

0.02 X2 rms m WSA2 s 0.06 X2 rms, 

and 

WSA1 3 0.04 X1 rms. 

(3-27) An objective lens for use in an optical pickup apparatus described has almost ring-shaped band-like diffrac- 
tion pattern on the whole surface of the effective diameter of at least one surface, and when the height from the 
optical axis of the peripheral edge of the almost ring-shaped band-like diffraction pattern including the optical axis 
is HX, and the height of the most outer peripheral ring-shaped band is HM AX, the following conditional expression 
is satisfied: 

0.15 ^HX/HMAX =10.65. 

(3-28) In the objective lens for use in an optical pickup apparatus described in (3-27), the objective lens is a single 
lens. 

(3-29) An objective lens for an optical pick-up has almost ring-shaped band-like diffraction pattern on the whole 
surface of the effective diameter of at least one surface and the spherical aberration Is discontinuous at more than 
2 portions at least for the light flux of some wavelength. 

(3-30) An objective lens for an optical pick-up is a single lens and has almost ring-shaped band-like diffraction 
pattern on the whole surface of the effective diameter of one surface, and the other surface is a continuous surface, 
and the spherical aberration is discontinuous at 2 portions or more at least for the light flux of some wavelength. 
(3-31) In an objective lensfor an optical pick-up, a plurality of ring-shaped band-like diffraction patterns are provided 
on the optical axis portion and the periphery of the effective diameter on at least one surface, and the refractive 
surface is provided between the ring-shaped band and its adjoining ring-shaped band, and the spherical aberration 
is discontinuous on the boundary of the refractive surface and the diffraction pattern. 
(3-32) In the objective lens for an optical pick-up described in (3-31), the objective lens is a single lens. 
(3-33) In the objective lens for an optical pick-up described in (26-32), the number of ring-shaped bands of the 
diffraction is 7 to 30. 

(4-1) In an objective lens for use in an optical pick-up apparatus for the information recording and reproducing 
which has the converging optical system including the objective lens to converge the light flux from the light sources 
having different wavelengths onto the recording surface of the optical disk, and a light receiving means for detecting 
the reflected light from the recording surface, and by which the information can be recorded or reproduced for the 
first and second optical disks whose transparent substrate thickness is different from each other, when the objective 
lens is formed of the fist lens having the positive refractive power and the second lens having the positive refractive 
power, in order from the laser light source, and at least one surface is the diffraction surface having the diffracting 
ring-shaped band, and 2 wavelengths different from each other are , (^1 < A^)» the thickness of the transparent 
substrates, which are different from each other, of 2 information recording media are t1 , t2 (t1 < t2), the predeter- 
mined image side numerical aperture necessary for conducting the recording or reproducing onto the information 
recording medium with the thickness t1 of the transparent substrate by the light flux of the wavelength ^ is NA1 , 
and the predetermined image side numerical aperture necessary for conducting the recording or reproducing onto 
the information recording medium with the thickness t2 of the transparent substrate by the light flux of the wave- 
length X2 is NA2 (NA1 s NA2), then, the wave front aberration is not larger than 0.07^ rms, for the combination 
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of the wavelength X«,, the transparent substrate thickness ti and the image side numerical aperture NA1 , and the 
wave front aberration is not larger than 0.07X2 ms > f° r tne combination of the wavelength X^, the transparent 
substrate thickness 12 and the image side numerical aperture NA2. 

(4-2) In the objective lens described in (4-1), the wave front aberration is not larger than O.07X2 rms for the com- 
bination of the wavelength X^, the transparent substrate thickness t2 and the Image side numerical aperture NA2. 
(4-3) In the objective lens described in (4-1) or (4-2), the wave front aberration is not smaller than O.O7X2 rms for 
the combination of the wavelength Xg, the transparent substrate thickness t2 and the image side numerical aperture 
NA2. 

(4-4) In the objective lens described in one of (4-1 ) to (4-3), for the combination of a predetermined position of the 
object point, the wavelength X! and the transparent substrate thickness tl, the wave front aberration is not iarger 
than 0.07 \, rms, and for the combination of the object point at optically equal distance to the predetermined 
position, the wavelength and the transparent substrate thickness t2, the wave front aberration is not larger than 
0.07 X2 rms. 

(4-5) In the objective lens described in one of (4-1) to (4-3), for the combination of a predetermined position of the 
object point, the wavelength X 1 and the transparent substrate thickness tl, the wave front aberration is not larger 
than 0.07 X 1 rms, and for the combination of the object point at optically not equal distance to the predetermined 
position, the wavelength Xg and the transparent substrate thickness t2, the wave front aberration is not larger than 
0.07 %2 rms is respective wavelength). 

(4-6) The objective lens described in one of (4-1) to (4-5) satisfies the following conditional expression: 

. 0.4 ^ |(Ph/Pf) - 2| ^ 25 (5) 

Where, Pf: the pitch of the diffracting ring-shaped band in the image side numerical aperture NA1 necessary for 
conducting the recording or reproducing onto the information recording medium with the transparent substrate 
thickness tl, and 

Ph: the pitch of the diffracting ring-shaped band in the numerical aperture of 1/2 of NA1 . 
(4-7) The objective lens described in (4-6) satisfies the following conditional expression: 

0 .8 ^ |(Ph/Pf) - 2| ^ 6.0 

(4-8) The objective lens described in (4-6) satisfies the following conditional expression: 

0.8 s |(Ph/Pf)-2| £ 6.0 

(4-9) The objective lens described in one of (4-1 ) to (4-8) satisfies the following conditional expression: 

0.70 ^ d1/f ^ 1.70 



0.60 ^ r1/(n1 -f) ^ 1.10 

0.3 ^ (r2 + r1)(r2-rl) ^ 2.0 

Where, d1 : the lens thickness on the axis of the first lens, f: focal distance, ri: the paraxial radius of curvature of 
each surface, n1 : the refractive index of the first lens. 

(4-10) The objective lens described in (4-9) satisfies the following conditional expression: 

1.00 ^ d1/f s 1.40 



0.70 ^ r1/(n1 -f) ^ 0.90 
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0.4^ (r2 + r1)/(r2-r1) S'1.4 

(4-11) In an optical pick-up apparatus for information recording and reproducing which has the converging optical 

5 system including the objective lens to converge the light flux from the light sources having different waveiengths 

onto the recording surface of the optical disk, and the light receiving means for detecting the reflected light from 
the recording surface, and by which the information can be recorded or reproduced for the first and second optical 
disks whose transparent substrate thickness is different from each other, (herein, the necessary numerical aperture 
for the objective lens of the first optical disk is larger than that of the second optical disk), when the objective lens 

10 is formed of the fist lens having the positive refractive power and the second lens having the positive refractive 

power, in order from the laser light source side, and at least one surface is the diffraction surface having the 
diffracting ring-shaped band, and when 2 wavelengths different from each other are X lt (X 1 < A^), the thickness 
of the transparent substrates, which are different from each other, of 2 information recording media are t1 , t2 (t1 
< t2), the predetermined image side numerical aperture necessary for conducting the recording or reproducing 

15 onto the information recording medium with the thickness t1 of the transparent substrate by the light flux of the 

wavelength is NA1 , and the predetermined image side numerical aperture necessary for conducting the record- 
ing or reproducing onto the information recording medium with the thickness t2 of the transparent substrate by the 
light flux of the wavelength X2 is NA2 (NA1 ^ NA2), then, the wave front aberration is not larger than 0.07 X 1 rms, 
for the combination of the wavelength k v the transparent substrate thickness tl and the image side numerical 

20 aperture NA1 , and the wave front aberration is not larger than 0.07 rms, for the combination of the wavelength 

X2, the transparent substrate thickness t2 and the image side numerical aperture NA2. 

(4-12) In the optical pickup apparatus described in (4-11), the wave front aberration of the objective lens is not 
larger than 0.07 ^ mis for the combination of the wavelength Xg. the transparent substrate thickness t2 and the 
image side numerical aperture NA1 . 
25 (4-13) In the optical pickup apparatus described in (4-11) or (4-12), the wave front aberration of the objective lens 

is not smaller than 0.07 A^ ms for the combination of the wavelength A^. the transparent substrate thickness t2 
and the image side numerical aperture NA1. 

(4-14) In the optical pickup apparatus described in one of (4-11 ) to (4-13), for the combination of a predetermined 
position of the object point, the wavelength 3^ and the transparent substrate thickness t1 , the wave front aberration 
30 of the objective lens is not larger than 0.07 A^ rms, and for the combination of the object point at optically equal 

distance to the predetermined position, the wavelength A^ and the transparent substrate thickness t2, the wave 
front aberration is not larger than 0.07 Ag rms. 

(4-15) In the optical pickup apparatus described in one of (4-11) to (4-14), for the combination of a predetermined 
position of the object point, the wavelength X A and the transparent substrate thickness t1 , the wave front aberration 
35 of the objective lens is not larger than 0.07 Xj rms, and for the combination of the object point at optically not equal 

distance to the predetermined position, the wavelength A^ and the transparent substrate thickness t2, the wave 
front aberration is not larger than 0.07 nns (A. is respective wavelength). 

(4-1 6) In the optical pickup apparatus described in one of (4-11) to (4-1 5), the objective lens satisfies the following 
conditional expression: 

40 

0.4 m |(Ph/Pf)-2| g 25 

Where, Pf: the pitch of the diffracting ring-shaped band in the image side numerical aperture NA1 necessary for 
45 conducting the recording or reproducing onto the information recording medium with the transparent substrate 

thickness tl, and 

Ph: the pitch of the diffracting ring-shaped band in the numerical aperture of 1/2 of NA1 . 

(4-17) In the optical pickup apparatus described in (4-16), the objective lens satisfies the following conditional 
expression: 

50 

0.8 ^ |(Ph/Pf)-2| ^ 6.0 

(4-18) In the optical pickup apparatus described in (4-16), the objective lens satisfies the following conditional 
55 expression: 

1.2 ^ |(Ph/Pf)-2| £ 2.0 
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(4-19) In the optical pickup apparatus described in one of (4-1 1 ) to (4-1 8), the objective lens satisfies the following 
conditional expression: 

0.70 ^ d1/f s 1.70 



0.60 s r1/(n1 • f) ^ 1.10 

h) 0.3S(r2 + r1)(r2-M)^2.0 

Where, d1 : the lens thickness on the axis of the first lens, f: focal distance, ri: the paraxial radius of curvature of 
each surface, n1 : the refractive index of the first lens. 
15 (4-20) In the optical pickup apparatus described in (4-19), the objective lens satisfies the following conditional 

expression: 

1.00 ^ d1/f s 1.40 

20 

0.70 ^ r1/(n1 . f) s 0.90 



25 0.4 ^ (r2 + r1)/(r2-M) s 1.4 

(5-1) An optical element for use in an optical pick-up apparatus for reproducing the information from the optical 
information recording medium or recording the information onto the optical information recording medium, has the 
optical axis and the diffraction portion, and the diffraction portion has a plurality of areas, and the number of degrees 
30 of the diffracted light at which the plurality of areas most intensively generate for respective predetermined wave- 

lengths, is not respectively 0, and the absolute value is different from each other. 

(5-2) In the optical element described in (5-1), the diffraction portion of the optical element has the diffracting ring- 
shaped band in each of the plurality of areas, and most intensively generates the diffraction light of the first degree 
(n1 * 0) in the inside of a predetermined distance from the optical axis, and in its outside, most intensively generates 

35 the second degree diffraction light (n2 * 0, and In1l * In2l), which is different from the fist degree. 

(5-3) In the optical element described in (5-1 ), the diffraction portion of the optical element has the diffracting ring- 
shaped band for each of the plurality of areas, and the maximum value of the difference in level in the diffracting 
ring-shaped band and the minimum value of the difference in level are different by more than 1 .5 times, thereby, 
in the inside of the predetermined distance from the optical axis, the diffraction light of the first degree (n1 * 0) is 

40 generated most intensively, and in its outside, the diffraction light of the second degree, different from the fist 

degree (n2 * 0, and In1 1 * In2l), is generated most intensively. 

(5-4) In the optical element described in (5-3), the maximum vale of the difference in level and the minimum value 
of the difference in level of the optical element are not different from each other more than 6 times. 
(5-5) In the optical element described in one of (5-2) to (5-4), when the first degree of the optical element is n1 , 
45 and the second degree is n2, n1 = 1 and n2 ^ 2 are realized (herein, the sign of the diffraction degree is determined 

such that a sign when the light flux is changed in the converging direction by the diffraction is positive). 
(5-6) In the optical element described in (5-5), n2 = 2 is realized. 

(5-7) In the optical element described in one of (5-2) to (5-6), the diffracting ring-shaped band of the optical element 
is blazed so that the diffraction efficiency becomes maximum for the first degree diffraction light of a predetermined 
so wavelength in the inside of the predetermined distance from the optical axis, and it is blazed so that the diffraction 

efficiency becomes maximum for the second degree diffraction light of a wavelength different from the predeter- 
mined wavelength in the outside of a predetermined distance from the optical axis. 

(5-8) In the optical element described in one of (5-2) to (5-7), the optical element is an objective lens for use in the 
optical pick-up apparatus. 

55 (5-9) An optical pickup apparatus reproduces the information from the optical information recording medium, or 

records the information onto the optical information recording medium, by using the optical element described in 
one of (5-2) to (5-8). 

(5-10) An optical pick-up apparatus which reproduces the information from at least 2 kinds of optical information 
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recording media, or records the information onto the optical information recording media, has: the first light source 
to emit the first light flux having the first wavelength A.1 ; the second light source to emit the second light flux having 
the second wavelength X2 which is different from the first wavelength X1 ; the converging optical system including 
the objective lens to converge the fist light flux and the second light flux emitted from the first light source and the 

5 second light source onto the information recording surfaces through the transparent substrates of the first and the 

second optical information recording media; and the light detector receiving the reflected light from the first and 
the second optical information recording media, wherein the objective lens has the optical axis and diffraction 
portion, the diffraction portion has a plurality of areas, and the degrees in which the plurality of areas most inten- 
sively generate respectively for the predetermined wavelength, are respectively not 0, and the absolute values are 

10 different from each other, the first light source emits the first light flux for reproducing the information from the first 

optical information recording medium having the first transparent substrate with the thickness t1 , or for recording 
the information, the second light source emits the second light flux for reproducing the information from the second 
optical information recording medium having the second transparent substrate with the thickness t2 different from 
the thickness t1 , or for recording the information, the converging optical system can converge the light flux from 

15 the first light source onto the information recording surface of the first optical information recording medium, under 

the condition in which the wave front aberration is not larger than 0.07 A.1 rms in the predetermined numerical 
aperture NA1 on the image side of the objective lens necessary for recording or reproducing of the first optical 
information recording medium, by the light flux of the wavelength X1, and can converge the light flux from the 
second light source onto the information recording surface of the second optical information recording medium, 

20 under the condition in which the wave front aberration is not larger than 0.07X2 rms in the predetermined numerical 

aperture NA2 on the image side of the objective lens necessary for recording or reproducing of the second optical 
information recording medium, by the light flux of the wavelength X2, and further, satisfies the following conditions: 

OK X1 < X 2 



t1 <t2 

30 

NA1 > NA2 

(5-11) In the optical pickup apparatus described in (5-10), the diffraction portion of the optical element has the 
diffracting ring-shaped band in each of the plurality of areas, and most intensively generates the diffraction light 
35 of the first degree (n1 * 0) in the inside of a predetermined distance from the optical axis, and in its outside, most 

intensively generates the second degree diffraction light (n2 * 0, and InU * In2l), which is different from the first 
degree. 

(5-12) In the optical pickup apparatus described in (5-10), the diffraction portion of the optical element has the 
diffracting ring-shaped band for each of the plurality of areas, and the maximum value of the difference in level in 
40 the diffracting ring-shaped band and the minimum value of the difference in level are different by more than 1 .5 

times, thereby, in the inside of the predetermined distance from the optical axis, the diffraction light of the first 
degree (nl * 0) is generated most intensively, and in its outside, the diffraction light of the second degree, different 
from the fist degree (n2 * 0, and In1 1 * In2l), is generated most intensively. 

(5-13) In the optical pickup apparatus described in (5-11) or (5-12), in the outside of the predetermined distance 
45 from the optical axis of the pick-up apparatus, the minimum pitch of the diffracting ring-shaped band in the effective 

diameter, is not smaller than 1 0 u,m and not larger than 80 um. 

(5-14) In the optical pickup apparatus described in (5-13), the maximum vale of the difference in level and the 
minimum value of the difference in level of the optical pick-up apparatus are not different from each other more 
than 6 times. 

so (5-15) In the optical pickup apparatus described in one of (5-11) to (5-14), when the first degree of the optical pick- 

up apparatus is nl, and the second degree is n2, n1 = 1 and n2 ^ 2 are realized (herein, the sign of the diffraction 
degree is determined such that a sign when the light flux is changed in the converging direction by the diffraction 
is positive). 

(5-16) In the optical pickup apparatus described in (5-15), n2 = 2 is realized. 
55 (5-17) In the optical pickup apparatus described in one of (5-11) to (5-16), the diffracting ring-shaped band of the 

optical pick-up apparatus is blazed so that the diffraction efficiency becomes maximum for the first degree diffraction 
light of a predetermined wavelength in the inside of the predetermined distance from the optical axis, and it is 
blazed so that the diffraction efficiency becomes maximum for the second degree diffraction light of a wavelength 
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different from the predetermined wavelength in the outside of a predetermined distance from the optical axis. 
(5-1 8) In the optical pickup apparatus described in one of (5-1 0) to (5-1 7), the converging optical system converges 
the light flux from the second light source onto the information recording surface of the second optical information 
recording medium under the condition that the wave front aberration is not smaller than 0.07 X2 rms in the numerical 
5 aperture NA1. 

(5-19) In the optical pickup apparatus described in one of (5-10) to (5-18), the predetermined distance of the 
diffraction portion in the objective lens is almost corresponding to a range through which the light flux of NA2 passes. 
(5-20) In the optical pickup apparatus described in one of (5-10) to (5-19), in the converging optical system, the 
spherical aberration is discontinuous at a predetermined distance from the optical axis for the light flux with the 
10 wavelength X2. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Fig. 1 is an outline structural view of an optical pick up apparatus according to an embodiment of the present 
15 invention. 

[0023] Fig. 2 is a sectional view of an objective lens of an example 1 . 
[0024] Fig. 3 is a view of the spherical aberration in the objective lens of the example 1 . 
[0025] Fig. 4 is a sectional view of the objective lens of an example 2. 
[0026] Fig. 5 is a view of the spherical aberration in the objective lens of the example 2. 
20 [0027] Fig. 6 is a sectional view of the objective lens of an example 3. 

[0028] Fig. 7 is a view of the spherical aberration in the objective lens in example 3. 

[0029] Fig. 8(a) is a typical view showing a light receiving surface of an integration type light receiving means, and 
Fig. B(b)is a typical view showing the light receiving surface of a separation type light receiving means. 
[0030] Fig. 9 is a typical view showing an example of a lens as an optical element in which a diffracting ring-shaped 
25 band is provided. 

[0031] Fig. 10 is a view of an optical path showing the structure of an optical pick-up apparatus of an embodiment 
according to the present invention. 

[0032] Fig. 11 is a view of the spherical aberration of the objective lens for the first reference wavelength X1 = 650 
nm in an example 4 according to an embodiment of the present invention. 
30 [0033] Fig. 12 is a view of an optical path in the case of Fig. 11 of the objective lens in the example 4. 

[0034] Fig. 13 is a view of the spherical aberration of the objective lens for the second reference wavelength X2 = 
780 nm in the example 4. 

[0035] Fig. 14 is a view of an optical path of the objective lens in the case of Fig. 13 in the example 4. 
[0036] Fig. 1 5 is a view of the spherical aberration of the objective lens for the first reference wavelength XI = 650 
35 nm in the example 2 according to an embodiment of the present invention. 

[0037] Fig. 1 6 is a view of an optical path of the objective lens in the case of Fig. 1 5 in an example 5. 

[0038] Fig. 1 7 is a view of the spherical aberration of the objective lens for the second reference wavelength X2 - 

780 nm in the example 5. 

[0039] Fig. 1 8 is a view of the spherical aberration of the objective lens for the first reference wavelength X1 = 650 
40 nm in the example 6 according to an embodiment of the present invention. 

[0040] Fig. 1 9 is a view of an optical path of the objective lens in the case of Fig. 18 in an example 6. 

[0041] Fig. 20 is a view of the spherical aberration of the objective lens for the second reference wavelength X2 = 

780 nm in the example 6. 

[0042] Fig. 21 is a view of the spherical aberration of the objective lens for the first reference wavelength X1 = 650 
45 nm in an example 7 according to an embodiment of the present invention. 

[0043] Fig. 22 is a view of an optical path of the objective lens in the case of Fig. 21 in the example 7. 

[0044] Fig. 23 is a view of the spherical aberration of the objective lens for the second reference wavelength X2 = 

780 nm in the example 7. 

[0045] Fig. 24 is an outline structural view of the optical pick-up apparatus according to the present embodiment. 
so [0046] Fig. 25(a) is an optical path view when the light flux whose light source wavelength is 400 nm, is entered into 
the objective lens in an example 8, and Fig. 25(b) is an optical path view when the light flux whose light source wave- 
length is 650 nm, is entered into the objective lens in the example 8. 

[0047] Fig. 26(a) is the spherical aberration view when the light flux whose light source wavelength is in the vicinity 
of 400 nm, is entered into the objective lens in the example 8, and Fig. 26(b) is the spherical aberration view when the 
55 light flux whose light source wavelength is in the vicinity of 650 nm, is entered into the objective lens in the example 8. 
[0048] Fig. 27(a) is the optical path view when the light flux whose light source wavelength is 400 nm, is entered into 
the objective lens in an example 9, and Fig. 27(b) is the optical path view when the light flux whose light source 
wavelength is 650 nm, is entered into the objective lens in the example 9. 
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[0049] Fig. 28(a) is the spherical aberration view when the light flux whose light source wavelength is in the vicinity 
of 400 nm, is entered into the objective lens in the example 9 t and Fig. 28(b) is the spherical aberration view when the 
light flux whose light source wavelength is in the vicinity of 650 nm, is entered into the objective lens in the example 9. 
[0050] Fig. 29(a) is the optical path view when the light flux whose light source wavelength is 400 nm, is entered into 
5 the objective lens in an example 10, and Fig. 29(b) is the optical path view when the light flux whose light source 
wavelength is 650 nm, is entered into the objective lens in the example 10. 

[0051] Fig. 30(a) is the spherical aberration view when the light flux whose light source wavelength is in the vicinity 
of 400 nm, is entered into the objective lens in the example 1 0, and Fig. 30(b) is the spherical aberration view when 
the light flux whose light source wavelength is in the vicinity of 650 nm, is entered into the objective iens in the example 
10 10. 

[0052] Fig. 31 (a) is the optical path view when the light flux whose light source wavelength is 400 nm, is entered into 
the objective lens in an example 11, and Fig. 31(b) is the optical path view when the light flux whose light source 
wavelength is 650 nm, is entered into the objective lens in the example 11 . 

[0053] Fig. 32(a) is the spherical aberration view when the light flux whose light source wavelength is in the vicinity 
is of 400 nm, is entered into the objective lens in an example 11, and Fig. 32(b) is the spherical aberration view when 
the light flux whose light source wavelength is in the vicinity of 650 nm, is entered into the objective lens in the example 

11. 

[0054] Fig. 33(a) is the optical path view when the light flux whose light source wavelength is 400 nm, is entered into 
the objective lens in an example 12, and Fig. 33(b) is the optical path view when the light flux whose light source 
20 wavelength is 650 nm t is entered into the objective lens in the example 12. 

[0055] Fig. 34(a) is the spherical aberration view when the light flux whose light source wavelength is in the vicinity 
of 400 nm, is entered into the objective lens in the example 12, and Fig. 34(b) is the spherical aberration view when 
the light flux whose light source wavelength is in the vicinity of 650 nm, is entered into the objective lens in the example 
12. 

25 [0056] Fig. 35 is an outline structural view of an optical pick-up apparatus according to the present embodiment. 
[0057] Fig. 36 is a sectional view of an objective lens in the example 13. 

[0058] Fig. 37 is a spherical aberration view of the DVD specification in the objective lens in the example 13. 

[0059] Fig. 38 is a spherical aberration view of the CD specification in the objective lens in the example 13. 

[0060] Fig. 39 is a sectional view of the objective lens in an example 1 4. 
30 [0061] Fig. 40 is a spherical aberration view of the DVD specification in the objective lens in the example 14. 

[0062] Fig. 41 is a spherical aberration view of the CD specification in the objective lens in the example 14. 

[0063] Fig. 42 is a spot diagram of the light flux whose numerical aperture is not smaller than NA 0.5, when the 

information recording or information reproducing is conducted for the CD by the objective lens in the example 13. 

[0064] Fig. 43 is a typical view showing an example of a lens as an optical element in which the diffracting ring- 
35 shaped band is provided. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0065] An optical pick-up apparatus of the present invention is an optical pick-up apparatus to reproduce and/or 

40 record the information of the first optical information recording medium having the first transparent substrate with the 
thickness t1 , and the second optical information recording medium having the second transparent substrate with the 
thickness t2 (t2>t1 ), and has the first light source to emit the first light flux with the wavelength X^ and the second light 
source to emit the second light flux with the wavelength X2 (X1 < X2), a converging optical system having an objecting 
lens to converge the light flux emitted from the first or second light source onto the information recording surface of 

45 the first optical information recording medium or the second optical information recording medium, and a light detector 
to receive the reflected light from the first optical information recording medium or the second optical information re- 
cording medium. Further, the converging optical system has a diffraction portion on the whole of the effective diameter 
surface of at least one surface, or almost whole surface of the effective diameter surface. Further, the converging 
optical system generates m-order diffracted ray (m is an integer other than 0) obtained when the first light flux passes 

so through the diffraction portion, more than the diffraction light of the other orders, and converges it onto the first infor- 
mation recording surface so that the information of the first optical information recording medium can be reproduced 
and/or recorded. Further, the converging optical system generates n-order diffracted ray (n is an integer other than 0) 
obtained when the second light flux passes through the diffraction portion, more than the diffraction light of the other 
orders, and converges it onto the second information recording surface so that the information of the second optical 

55 information recording medium can be reproduced and/or recorded. Further, in order to reproduce and/or record the 
second optical information medium, when the converging optical system converges the second light flux onto the 
second information recording surface, the converging optical system has a discontinuous portion, in which the spherical 
aberration exists, at least, at one portion, or a practically discontinuous portion. Incidentally, this structure is applicable 
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to a plurality of optical information recording medium which have the same thickness and are different in necessary 
numerical aperture. 

[0066] Incidentally, [the whole of the effective diameter surface (entire surface in an effective aperture)] means a 
region where light flux passes in the surface of the optical element of a converging optical system, the whole portion 

5 through which the light flux satisfying the necessary numerical aperture of the optical information recording medium 
on which the reproducing and/or recording is conducted by the optical pick-up apparatus, passes. [Almost whole of 
the effective diameter surface (almost entire surface in an effective aperture)] means more than 80 % of the whole of 
the effective diameter surface, and more preferably, more than 90 %, Here, the sentence "a spherical aberration has 
a discontinuous portion" means that when a spherical aberration is represented by a light ray aberration, a spherical 

10 aberration curve becomes discontinuous at a boundary of a certain NA. Also, the sentence "a spherical aberration has 
a substantially discontinuous portion" means that if a spherical aberration is continuous, a change of a spherical ab- 
erration becomes suddenly, for example, a spherical aberration changes by 5 urn or more in a direction of an optical 
axis when NA changes by 0.01 so that a position of light ray on the disk is substantially separated at a boundary of a 
certain NA. 

is [0067] By the structure described above, in the optical system of the optical pick-up apparatus to conduct the re- 
cording and reproducing the information on a plurality of kinds of optical information recording media with the different 
thickness, the light flux outside a predetermined numerical aperture is easily made a flare on the operation condition 
on the small side of the numerical aperture NA, and even when the aperture limitation for the small numerical aperture 
is not used, the beam diameter is not too narrowed down, and relatively large spot diameter can be obtained. That is, 

20 when the optical element in which the diffraction portion is provided as in the present invention, the optical pick-up 
apparatus to conduct the recording and reproducing the information on a plurality of kinds of optical information re- 
cording media with the different thickness can be provided. It is preferable that such the flare is a sufficiently large flare 
on the outside of the predetermined numerical aperture also for the purpose that the spot of the necessary portion for 
recording or reproducing the information is not adversely affected. According to the present invention, the following 

25 can be attained: on the operation condition on the small side of the numerical aperture, the spherical aberration on the 
outside of a predetermined numerical aperture is made practically discontinuous, and on the inside of the predetermined 
numerical aperture, the well narrowed-down spot can be obtained, and the light flux on the outside of it becomes a 
large flare, and it does not influence on the spot necessary for recording and reproducing. 

[0068] Further, in order to record and reproduce the first optical information recording medium, even when the con- 
30 verging optical system converges the first light flux onto the first information recording surface, the converging optical 
system may have the discontinuous portion having at least one spherical aberration portion, or the practically discon- 
tinuous portion. 

[0069] Further, in order to record and reproduce the second optical information recording medium, when the con- 
verging optical system converges the second light flux onto the second information recording surface, the converging 
35 optical system may have the discontinuous portion having more than 2 spherical aberration portions, or the practically 
discontinuous portion. 

[0070] The optical element of the present invention, (preferably, the objective lens for the optical pick-up apparatus 
to conduct the reproducing and/or recording of the optical information recording medium having the transparent sub- 
strate), has at least one surface, and the diffraction portion is provided on the whole of the effective diameter surface 

40 of the surface "of the optical element, and the optical element generates, the m-order diffracted ray (m is an integer 
other than 0) obtained when the light flux with the predetermined wavelength passes through the diffraction portion, 
by larger quantity than the diffraction light of the other orders, and when the m-order diffracted ray is converged through 
the transparent substrate with the predetermined thickness, the optical element has a discontinuous portion having at 
least one spherical aberration portion, or a practically discontinuous portion. 

45 [0071] Incidentally, it is preferable that the diffraction portion is provided on any one of surfaces of the optical element 
of the converging optical system. As the optical element on which the diffraction portion is provided, it is not specifically 
limited, however, a lens, prism, mirror, parallel plate, or the like, is listed. As the optical element provided with the 
diffraction portion, when the lens is used, as a specific example of the optical element, an objective lens, collimator 
lens, and coupling lens can be listed, and it is preferable that the objective lens is provided with the diffraction portion. 

so Further, when the objective lens Is provided with the diffraction portion, the objective lens may be a single lens with 
the positive refraction power, or may be a two-lens composition objective lens composed of the fist lens with the positive 
refraction power and the second lens with the positive refraction power. Incidentally, in the two-lens composition ob- 
jective lens, the diffraction portion is not provided on almost whole surface of the effective diameter portion, but the 
diffraction portion may also be provided on a portion of the surface. Further, in the two-lens composition objective lens, 

55 in orderto conduct the recording and reproducing of the second optical information recording medium, when the second 
light flux is converged onto the second information recording surface, the objective lens may not have the discontinuous 
portion having at least one spherical aberration portion, or practically discontinuous portion. 

[0072] Further, the diffraction portion may be an amplitude type diffraction portion, however, from the viewpoint of 
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the light utilization efficiency, the diffraction portion is preferably a phase type diffraction portion: Further, the diffraction 
pattern of the diffraction portion is preferably the rotation symmetry around the optical axis. Further, the diffraction 
portion has a plurality of ring-shaped bands viewing from the direction of the optical axis, and it is preferable that the 
plurality of ring-shaped bands are formed almost concentrically circular around an optical axis, or a point in the vicinity 

5 of the optical axis. A circle is preferable, however, an ellipse may be allowable. Specifically, a blazed type ring-shaped 
band diffraction surface having the difference in level is preferable. Further, the stepwise formed ring-shaped band 
diffraction surface may also allowable. Further, the ring-shaped band diffraction surface which is stepwise formed as 
the ring-shaped band, discretely shifting to the direction in which the lens thickness is increased as being separated 
from the optical axis, may also allowable. Further, when the diffraction shape is viewed in the section parallel to the 

10 optical axis direction, a range from step to step is regarded as one ring-shaped band. Incidentally, the diffraction portion 
is preferably ring-shaped band-like, however, it may be a one-dimensional diffraction grating. 
[0073] Incidentally, in the order number of the diffraction light, it may be m*n, and preferably, m= n. Further, because 
the loss of the amount of light can be suppressed, it is more preferable that m = n = ± 1 . More preferably, m = n = + 1 . 
[0074] Further, when the diffraction efficiency of the m-order diffracted ray of the first light flux in the diffraction portion 

15 is A %, and the diffraction efficiency of the diffraction light of the other some order number (preferably, in the order 
number other than n, the order of the largest diffraction efficiency) is B %, it is preferable that A - B £ 1 0, and when the 
diffraction efficiency of the n-order diffracted ray of the second light flux in the diffraction portion is A' %, and the 
diffraction efficiency of the diffraction light of the other some order number (preferably, in the order number other than 
n, the order number of the largest diffraction efficiency) is B' %, it is preferable that A' - B' £ 10. Further, it is more 

20 preferable that A - B £ 30, and A 1 - B' £ 30, and further preferably, A - B 2 70, and A' - B' 5 70. 

[0075] Further, in order to conduct the recording and reproducing of the second optical information recording medium, 
when the converging optical system converges the second light flux onto the second information recording surface, 3 
structures by which the converging optical system can have the discontinuous portion having at least one spherical 
aberration portion, or practically discontinuous portion, will be described below. 

25 [0076] The fist structure is as follows: when the optical path difference function of the diffraction portion is (|>(h) (h is 
the distance of the surface having the diffraction portion from the optical axis, and is perpendicular to the optical axis), 
d$(h)/dh is made discontinuous at, at least, one portion, or practically discontinuous. 

[0077] The optical path difference function <|>(h) expresses the optical path difference added by the diffraction surface 
to the first-order diffracted ray of the reference wavelength, and at every time when the value of the optical path dif- 

30 ference is changed by mX (m is the diffraction order number), for example, the diffracting ring-shaped band is provided. 
The reference wavelength is the wavelength in which the diffraction efficiency becomes maximum. 
[0078] Incidentally, the phrase (d<j>(h)/dh is practically discontinuous) means, even when d(j)(h)/dh is the continuous 
function, when the pitch of the diffracting ring-shaped band is obtained from the optical path difference function, a 
condition that the pitch of the diffracting ring-shaped band is suddenly changed, and means a condition in which, 

35 preferably, ld 2 <J>(h)/dh 2 l is so large that it satisfies more than 0.20. 

[0079] The second structure is as follows: the diffraction portion is provided on the surface of the objective lens, and 
when the length of the objective lens in the axial direction is x, and the height of the objective lens in the perpendicular 
direction to the optical axis is h, in the mother aspherical surface (basic aspherical surface), at least one discontinuous 
portion, or practically discontinuous portion is provided in dx/dh. Incidentally, it is preferable that the diffraction portion 

40 is provided on the mother aspherical surface, however, the diffraction portion may not be provided on the mother 
aspherical surface. Here, the sentence w dx/dh is discontinuous" means a condition that a change in a direction of a 
tangent line to a basic surface of an aspherical surface becomes discontinuous at a certain distance H from an optical 
axis along a vertical direction, that is, a shape of the basic surface of an aspherical surface is sharply bent. Also, "dx/ 
dh is substantially (practically) discontinuous" means a condition that a direction of a tangent line to a basic surface of 

45 an aspherical surface suddenly changes. 

[0080] The third structure is as follows: the diffraction portion is provided on the surface of the objective lens, and 
the objective lens has at least one difference in level (stepped portion) in the effective diameter surface. Incidentally, 
it is preferable that the diffraction portion is provided on the surface having the difference in level, however, the diffraction 
portion may be provided on the surface having no difference in level. Here, ft may be preferable that a flat section of 

so the stepped portion is provided to be parallel to an optical axis of the objective lens. Further, in the case that the 
objective lens has a stepped portion, it is not necessary to conform the position of the stepped portion with the position 
where a spherical aberration becomes discontinuous. In other words, a spherical aberration may be not discontinuous 
at the stepped portion. 

[0081] Incidentally, in the first structure, in the diffracting ring-shaped bands of the diffraction portion in which d$(h) 
55 /dh is discontinuous at least at one portion or practically discontinuous and which is formed inside h, it is preferable 
that the width in the perpendicular to the optical axis of the surface having the diffraction portion, in the most outside 
diffracting ring-shaped band, is not larger than the width in the perpendicular direction to the optical axis of the surface 
having the diffraction portion, in the diffracting ring-shaped bands which adjoins the most outside diffracting ring-shaped 
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band and is formed on the outside of h. When it is described by using Fig. 9, the width P1 of the most outside diffracting 
ring-shaped band 3f inside H, is not larger than the width P2 of the diffracting ring-shaped band 3g which adjoins 3f 
and is the outside of H. 

[0082] More preferably, at least one diffracting ring-shaped band in the diffraction portion satisfies the following con- 

5 dition: 1 .2 <, P^/Pi £ 1 0. Pi: the width in the perpendicular direction to the optical axis, of the i-th diffracting ring-shaped 
band, counted from the optical axis of the surface having the diffraction portion to the peripheral direction. 
[0083] Preferably, in the diffracting ring-shaped bands of the diffraction portion which is formed inside h in which d<j> 
(h)/dh is discontinuous at least at one portion, or practically discontinuous, the most outside diffracting ring-shaped 
band is l-th diffracting ring-shaped band. 

ro [0084] More preferably, 1 .2 £ P j+1 /P| £ 4.0, and further preferably, 1 .2 £ P k1 /Pj S 2.8 . 

[0085] Further, in the optical element having the diffraction portion, it is preferable that the number m of the diffracting 
ring-shaped band of the diffraction portion through which the rays of light of NA 0.60 pass, satisfies 22 £m <32. Herein, 
the number of the diffracting ring-shaped band is determined such that the diffracting ring-shaped band on the optical 
axis of the surface having the diffraction portion is 1 , and is counted in order toward the outside. 

15 [0086] Incidentally, in the following description, the necessary numerical aperture on the optical information recording 
medium side of the converging optical system necessary for recording or reproducing the first optical information re- 
cording medium by the first light flux is defined as NA1 , and the necessary numerical aperture on the optical information 
recording medium side of the converging optical system necessary for recording or reproducing the second optical 
information recording medium by the second light flux is defined as NA2 (NA1 > NA2). 

20 [0087] In the optical pick-up apparatus of the present invention, it is preferable that: in the first light flux passed 
though the objective lens, the wave-front aberration on the first information recording surface when the light flux of a 
portion in which the numerical aperture on the optical information recording medium side is not larger than N A1 , passes 
through the first transparent substrate of the first optical information recording medium, is not larger than 0.07 W rms; 
and in the second light flux passed though the objective lens, the wave-front aberration on the second information 

25 recording surface when the light flux of a portion in which the numerical aperture on the optical information recording 
medium side is not larger than NA2, passes through the second transparent substrate of the second optical information 
recording medium, is not larger than 0.07 X2 rms. 

[0088] Further, in the second light flux passed though the objective lens, the tertiary spherical aberration component 
of the wave-front aberration on the second information recording surface when the light flux of a portion in which the 

30 numerical aperture on the optical information recording medium side is not larger than NA2, passes through the second 
transparent substrate of the second optical information recording medium, is excessive, and when its absolute value 
is WSA2 X2 rms, it is preferable that, 0.02 X2 rms £ WSA2 5 0.06 X2 rms. Incidentally, when it satisfies 0.02 X2 rms £ 
WSA2 £ 0.06 X2 rms, the diffraction portion is not provided on almost whole surface of the effective diameter portion, 
but the diffraction portion may be provided on a portion of the surface. Alternatively, when it satisfies 0.02 X2 rms £ 

35 WSA2 £ 0.06 X2 rms, in order to conduct the recording and reproducing on the second optical information recording 
medium, when the second light flux is converged onto the second information recording surface, the discontinuous 
portion having at least one spherical aberration portion, or practically discontinuous portion may not be provided. 
[0089] By the structure satisfying the condition 0.02 X2 rms <, WSA2 < 0.06 X2 rms, the worsening of the chromatic 
aberration can be decreased, and further, the number of ring-shaped bands can be decreased, thereby, the production 

40 of the diffraction optical element such as the diffraction lens becomes easy, and the diffraction optical element such 
as the diffraction lens having well light utilization efficiency can be obtained. Accordingly, it is preferable that, when the 
condition is 0.02 X2 rms < WSA2 £ 0.06 X2 rms, the number of the ring-shaped bands of the diffraction portion is 7 - 
32 (more preferably, 7-30). 

[0090] In the case where the condition 0.02 X2 rms £ WSA2 <, 0.06 X2 rms is satisfied, when the image formation 
« magnification viewed from the optical information recording medium side of the objective lens at the time of the infor- 
mation recording or reproducing of the first optical image formation recording medium is M1 , and the image formation 
magnification viewed from the optical information recording medium side of the objective lens at the time of the infor- 
mation recording or reproducing of the second optical image formation recording medium is M2, it is preferable that 
M1 and M2 are almost equal to each other. More preferably, M1 and M2 are almost 0. 
so [0091] Further, when the absolute value of the tertiary spherical aberration component of the wave-front aberration 
on the first information recording surface when the light flux of a portion in which the numerical aperture on the optical 
information recording medium side is not larger than NA1 , in the first light flux passed through the objective lens, passes 
through the first transparent substrate of the first optical information recording medium is WSA1 M rms, WSA1 5 0.04 
M rms Is preferable. 

55 [0092] More preferably, in the second light flux passed through the objective lens, the wave-front aberration on the 
second information recording surface when the light flux of a portion in which the numerical aperture on the opticaJ 
information recording medium side is not larger than NA2, passes through the second transparent substrate of the 
second optical information recording medium is not larger than 0.07 X2 rms, and the wave-front aberration on the 
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second information recording surface when the light flux of a portion in which the numerical aperture on the optical 
information recording medium side is not smaller than NA2, passes through the second transparent substrate of the 
second optical information recording medium, is not smaller than 0.07 X2 mis, (more preferably, not smaller than 0.1 
X rms). Incidentally, when NA having the discontinuous portion having at least one spherical aberration portion or 

s practically discontinuous portion is NAZ, it is preferable that: in the second light flux passed through the objective lens, 
the wave-front aberration on the second information recording surface when the light flux of a portion in which the 
numerical aperture on the optical information recording medium side is not larger than NAZ, passes through the second 
transparent substrate of the second optical information recording medium, is not larger than 0.07 X2 rms; and the wave- 
front aberration on the second information recording surface when the light flux of a portion in which the numerical 

io aperture on the optical information recording medium side is not smaller than NAZ, passes through the second trans- 
parent substrate of the second optical information recording medium, is not smaller than 0.07 X2 rms, (more preferably, 
not smaller than 0.1 X rms). 

[0093] Further, when NAZ is 0.43 S NAZ < 0.53, it is preferable that: in the second light flux passed through the 
objective lens, the spherical aberration amount when the light flux of a portion, in which the numerical aperture on the 

15 optical information recording medium side is not smaller than NAZ and not larger than NA 0.7, passes through the 
second transparent substrate of the second optical information recording medium, is not smaller than the spherical 
aberration amount when the light flux of a portion, in which the numerical aperture on the optical information recording 
medium side is not larger than NAZ, passes through the second transparent substrate of the second optical information 
recording medium, in the second light flux passed through the objective lens, by more than 10 X2. More preferably, it 

20 is larger by 10 X2 - 100 X2. Incidentally, it is preferable that NA having the discontinuous portion having at least one 
spherical aberration portion or practically discontinuous portion is NAZ. 

[0094] It is preferable that: in the second light flux passed through the objective lens, the spot diameter on the second 
information recording surface when the light flux of a portion , in which the numerical aperture on the optical information 
recording medium side is not smaller than NA2 and not larger than NA1, passes through the second transparent 
25 substrate of the second optical information recording medium, is not smaller than w2, and not larger than w1, and 
satisfies the following conditions: 

10 u,m < w2 <, 50 u.m 

30 

20 u.m 5 w1 - w2 £ 110 Jim. 

[0095] Further, it is preferable that, in the second light flux passed through the objective lens, the position onto which 
35 the light flux passing through NA1 is converged through the second transparent substrate of the second optical infor- 
mation recording medium, is, in the second light flux passed through the objective lens, more separated from the 
objective lens than the position onto which the light flux passing through NA2, is converged through the second trans- 
parent substrate of the second optical information recording medium, and the difference is more than 5 pm (more 
preferably, 15 urn). 

40 [0096] Further, in the case where the light detector has the light receiving surface, when NAZ is 0.43 £ NAZ £ 0.53, 
it is preferable that, in the second light flux transmitted the objective lens, when the light flux of a portion, in which the 
numerical aperture on the optical information recording medium side is not larger than NAZ, passes through the second 
transparent substrate of the second optical information recording medium, the light flux reflected by the second optical 
information recording medium is included in the light receiving surface of the light detector, and in the second light flux 

*s transmitted through the objective lens, when the light flux of a portion, in which the numerical aperture on the optical 
information recording medium side is not smaller than NAZ, passes through the second transparent substrate of the 
second optical information recording medium, the light flux reflected by the second optical information recording me- 
dium is irradiated onto the surrounding except the light receiving surface of the light detector. Further, when the light 
receiving surface is 1 to 3 rectangular light receiving surfaces, the inner diameter of the donut-like spot diameter on 

so the information recording surface of the second optical information recording medium is preferably not smaller than 5 
pm. More preferably, not smaller than 25 pm. 

[0097] Further, when the light detector has a central light receiving surface and a peripheral light receiving surface, 
when NAZ is 0.43 £ NAZ £ 0.53, in the second light flux transmitted through the objective lens, when the light flux of 
a portion, in which the numerical aperture on the optical information recording medium side is not smaller than NAZ, 
55 passes through the second transparent substrate of the second optical information recording medium, it is preferable 
that the light flux reflected by the second optical information recording medium is irradiated on the peripheral light 
receiving surface or its periphery except for the central light receiving surface of the light detector. Further, when the 
light receiving surface has more than 2 stripe-like light receiving surfaces, the inner diameter of the donut-like spot 
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diameter of the light flux not smaller than NAZ on the information recording surface of the second optical Information 
recording medium is preferably not smaller than 20 urn When the light receiving surface has more than 4 stripe-like 
light receiving surfaces, the inner diameter of the donut-like spot diameter of the light flux not smaller than NAZ on the 
information recording surface of the second optical information recording medium is preferably not smaller than 50 ujn. 

5 [0098] Further, the diffraction portion of the optical element has the first diffraction portion and the second diffraction 
portion, and the order of the diffraction light generated most intensively in the first diffraction portion and the second 
diffraction portion to the respective predetermined wavelengths is not respectively 0, and the values of the order may 
be different from each other. Further, the absolute values of the order may be different from each other or the absolute 
values of the orders may be the same to each other. In this case, the refraction surface may be provided between the 

10 first diffraction portion and the second diffraction portion. Further, in the case that a refractive surface having not a 
diffractive portion is located between the first diffractive portion and the second diffractive portion, it may be preferable 
that a spherical aberration has two discontinuous portions in the boundary between the diffractive surface and the 
refractive surface when the converging optical system converges the second flux onto a second optical information 
recording surface so as to conduct recording/reproducing the second optical information recording medium. An aber- 

15 ration of the refractive surface on the second optical information recording surface may be larger than the first diffractive 
portion or may be smaller than the first diffractive portion. Further, in order to conduct the recording and reproducing 
of the second optical information recording medium, when the second light flux* is converged onto the second informa- 
tion recording surface, the discontinuous portion having at least one spherical aberration portion or practically discon- 
tinuous portion may not be provided. 

20 [0099] Further, the light source is preferably the laser light source such as a semiconductor laser. For example, an 
example in which, as the first light source, the laser light source emitting the first light flux of the wavelength of 630 - 
665 nm is used, and as the second light source, the laser light source emitting the second light flux of the wavelength 
of 750 - 81 0 nm is used, is given. In this case, it is preferable that the thickness of the transparent substrate of the first 
optical information recording medium is 0.6 mm, and the thickness of the transparent substrate of the second optical 

25 information recording medium is 1 .2 mm. Specifically, it is preferable that the first optical information recording medium 
is DVD, and the second optical information recording medium is CD. Further, in the case of the objective lens of 2 
composition lens, the wavelength of the first light source is preferably 350 -550 nm. In that case, the wavelength of the 
second light source may be 630 - 665 nm, or 750 - 810 nm. 

[0100] The width in the perpendicular direction to the optical axis in the most outside ring-shaped band in the ring- 
30 shaped bands formed inside the predetermined length h of the optical element is not larger than the width in the 
perpendicular direction to the optical axis in the ring-shaped band which adjoins the most outside ring-shaped band 
and is formed outside the predetermined length h. 

[01 01 ] Fig. 9 is a typical view showing an example of the lens as an optical element provided with the diffracting ring* 
shaped band. In Fig. 9, the pitch and the difference in level of the diffracting ring-shaped band is drawn not smaller 

35 than the actual one so as to be easily understood. 

[0102] The left optical surface of a lens 3 shown in Fig. 9, has a point H in which the differential function d<J>(h)/dh 
which differentiates the optical path difference function $ (h) at the portion of the predetermined distance h, is discon- 
tinuous or practically discontinuous, when the distance from the optical axis X is defined as h, and the optical path 
difference function is expressed as <j> (h). On the surface inside the point H, the diffracting ring-shaped bands 3a - 3f 

40 are provided in such a manner that these are located along the mother aspherical surface B and the pitch (the width 
in the right angled direction to the optical axis) is gradually decreased, and on the surface outside the inflection point 
H, the diffracting ring-shaped bands 3g - 3i are provided in such a manner that these are located along the mother 
aspherical surface B and the pitch is gradually decreased. Further, the mother aspherical surface B also has the shape 
in which it is bent at the point H, or practically bent. 

45 [01 03] Herein, being bounded by the point H, the pitch of the diffracting ring-shaped band changes. More specifically, 
the pitch is gradually decreased to the diffracting ring-shaped bands 3a - 3f, however, the pitch P1 of the diffracting 
ring-shaped band 3f nearest to the point H in the inside the point H, is not larger than the pitch P2 of the diffracting 
ring-shaped band 3g which is in contact with the diffracting ring-shaped band 3f and outside the point H. In such the 
structure, the light with a predetermined wavelength passing through the outside of the point H can be effectively 

so converted into the flare light. 

[0104] When the light is irradiated from the light source with the wavelength X2 located at a predetermined object 
distance onto the optical information recording medium having the transparent thickness t2 through the optical element, 
in the numerical aperture NA not larger than the predetermined distance h, the wave-front aberration is not larger than 
0.07 X2 rms, and the spherical aberration of the light rays passing through the inside of the predetermined distance h 

55 is not larger than the spherical aberration of the Ijght rays passing through the outside of the predetermined distance 
hby 10X2 -100 A2. 

[01 05] As described above, when the spherical aberration of the light rays passing through the inside of the prede- 
termined distance h is not larger than the spherical aberration of the light rays passing through the outside of the 
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predetermined distance h by 1 0 X2 - 100 A2, the light rays passing through the outside of the predetermined distance 
h can be regarded as the flare, and the beam diameter is not too narrowed down even when the aperture limitation for 
the small numerical aperture NA is not used, thereby, because the relatively targe spot diameter can be obtained, it is 
preferable. 

[0106] At least one surface of the optical element is the diffraction surface having the diffracting ring-shaped band, 
and the i-th diffracting ring-shaped band of the at least one diffraction surface, counted from the optical axis toward 
the peripheral direction, satisfies the following conditional expression: 

12*P M /P,i10 (1) 

[0107] Where, Pj: the width in the direction perpendicular to the optical axis of the i-th diffracting ring-shaped band 
counted from the optical axis toward the peripheral direction. 

[01 08] In the optical element applicable for the optical pick-up apparatus, at least one surface of the optical element 
15 is the diffraction surface having the diffracting ring-shaped band, and the i-th diffracting ring-shaped band of the at 
least one diffraction surface, counted from the optical axis toward the peripheral direction, satisfies the following con- 
ditional expression: 

20 1-2SP W /P,S10 (1) 

[0109] Where, P,: the width in the direction perpendicular to the optical axis of the i-th diffracting ring-shaped band 
counted from the optical axis toward the peripheral direction. 

[0110] Incidentally, as the i-th diffracting ring-shaped band, it is preferable that, when the ring-shaped band on the 
25 optical axis is 1 , it is the 1 4-th - 22-th ring-shaped band. 

[0111] According to the present invention, under the operation condition on the smaller numerical aperture side, the 
spherical aberration on the outside of a predetermined numerical aperture can be made a sufficiently large flare. That 
is, under the operation condition on the smaller NA side, the spherical aberration is made practically discontinuous, 
and a well-narrowed down spot is obtained inside the predetermined numerical aperture, and the light flux outside it 
becomes a large flare, and does not influence on the spot of the necessary portion for the recording and reproducing. 
When the value P^/Pj is not smaller than the lower limit value of the expression (1), the sufficiently large flare can be 
obtained. On the one hand, when the value P j _^ 1 /P| is not larger than the upper limit value of the expression (1), the 
ring-shaped band pitch is not too small, and the production of the diffraction surface becomes easy. 
[0112] In the optical element applicable for the optical pick-up apparatus, the number m of the diffracting ring-shaped 
35 band of the diffraction surface through which the light rays of NA 0.60 pass, satisfies 

22 ^ m ^ 32. (2) 

Where, the number of the diffracting ring-shaped band of the ring-shaped band on the optical axis is 1 , and the number 
of the diffracting ring-shaped band is counted toward the outside. 

[01 13] In the optical element applicable for the optical pick-up apparatus, at least one surface is a diffraction surface 
having the diffracting ring-shaped band, and the number m of the diffracting ring-shaped band of the diffraction surface 
through which the light rays of NA 0.60 pass, satisfies 

22 ^ m £ 32. (2) 

Where, the number of the diffracting ring-shaped band of the ring-shaped band on the optical axis is 1 , and the number 
50 of the diffracting ring-shaped band is counted toward the outside. 

[01 14] The light rays of the optical element are almost parallel light flux within the range of the wavelength 630 - 665 
nm, and entered into the optical element. 

[0115] According to the present invention, when the number m is not smaller than the lower limit value of the ex- 
pression (2), the spherical aberration generated due to the thickness of the substrate of the optical information recording 
55 medium (for example, CD and DVD), can be sufficiently corrected, and on the on hand, when the number m is not 
larger than the upper limit value of the expression (2), there is an advantage that the production of the lens with the 
good diffraction efficiency is easy. 



30 



40 



45 



28 




EP1 102 251 A2 

[01 16] The optical element is the objective lens. 

[01 17] In the objective lens applicable for the optical pick-up apparatus having the converging optical system including 
the objective lens for converging the light flux from the light sources having the different wavelengths, and the light 
receiving means for detecting the reflected light from the recording surface, which can record or reproduce the infor- 

5 mation for at least two of the first and the second optical information recording medium whose transparent thickness 
is different from each other, when two wavelengths different from each other are X1 and X2 (X1 < X2), and the thickness 
of the transparent substrates of two optical information recording media different from each other are t1 and t2 (t1 < 
t2), and when the necessary numerical aperture on the image side necessary for recording or reproducing the optical 
information recording medium with the thickness t1 of the transparent substrate by the light flux of the wavelength X1 

10 is NA1 , and the necessary numerical aperture on the image side necessary for recording or reproducing the optical 
information recording medium with the thickness t2 of the transparent substrate by the light flux of the wavelength X2 
is NA2 (NA1 ^ NA2), the wave front aberration is not larger than 0.07 X1 nms for the combination of the wavelength 
X1 , thickness t1 of the transparent substrate, and necessary numerical aperture NA1 , and the wave front aberration 
is not larger than 0.07 X2 rms for the combination of the wavelength A^, thickness t2 of the transparent substrate, and 

'5 necessary numerical aperture NA2, and the light flux not smaller than the necessary numerical aperture NA2 is made 
a flare, for the combination of the wavelength X2, and thickness t2 of the transparent substrate. 
[0118] When the light is irradiated from the light source with the wavelength 12 at a predetermined object distance 
onto the optical information recording medium with the transparent substrate thickness t2 through the objective lens, 
the light flux of the numerical aperture not smaller than NA2 and not larger than NA1 , is distributed in the range of not 

20 smaller than the diameter w2 and not larger than the diameter wl, and satisfies the following conditional expressions: 



1 0 u.m ^ w2 S 50 jim 



(3) 



25 



20 jim ^ w1 - w2 ^ 1 1 0 u,m 



(4) 



[01 19] When the diameter w2 is not smaller than the lower limit of the expression (3), the beam diameter equal to 
the ideal lens of the numerical aperture NA2 can be obtained for the optical information recording medium with the 
30 transparent substrate thickness t2, and the light flux not smaller than NA2 becomes a flare and the possibility that the 
bad influence is given onto writing and/or reading of the information, is small. 

[0120] When the value (w1 - w2) is not smaller than the lower limit of the expression (4), the light flux not smaller 

than the numerical aperture NA2 becomes a wide range flare, and a good focus signal can be obtained. 

[0121] When the diameter W2 is not larger than the upper limit value of the expression (3), and when the value (w1 

35 - w2) is not larger than the upper limit of the expression (4), in the case of the objective lens composed of the plastic 
lens, the deterioration of the spherical aberration due to change of the referactive index by the change of the temperature 
can be corrected to some order number by the change of the spherical aberration by the diffraction surface by utilizing 
the change of the oscillation wavelength of the semiconductor laser due to the change of the temperature. Making the 
flare large for the light flux met smaller than the numerical aperture NA2, corresponds to that the action of the diffraction 

40 to correct the spherical aberration by the substrate thickness is decreased, and the above effect in which the deterio- 
ration of the spherical aberration due to the change of the temperature is corrected, is decreased, therefore, it is not 
preferable that the flare is made too much large. 

[0122] At least one surface of the objective lens is the diffraction surface having the diffracting ring-shaped band, 
and when the optical path difference function of the diffraction surface is (h is the distance from the optical axis), <J>(h) 

45 /dh at a portion of the predetermined distance h is a discontinuous or practically discontinuous function. 

[0123] The width in the perpendicular direction to the optical axis in the most outside ring-shaped band in the ring- 
shaped bands formed inside the predetermined distance h of the objective lens is not larger than the width in the 
perpendicular direction to the optical axis in the ring-shaped band which adjoins the most outside ring-shaped band 
and is formed outside the predetermined distance h. 

so [0124] When the light is irradiated from the light source of the wavelength X2 located at a predetermined object 
distance onto the optical information recording medium with the transparent substrate thickness t2 through the objective 
lens, in the numerical aperture NA not larger than the predetermined distance h, the spherical aberration is not larger 
than 0.07 X2 rms, and the spherical aberration of the light rays passing though the inside of the predetermined distance 
h is not larger than the spherical aberration of the light rays passing through the outside of the predetermined distance 

55 h by 10X2-100X2. 

[0125] At least one surface of the objective lens is the diffraction surface having the diffracting ring-shaped band, 
and the i-th diffracting ring-shaped band counted from the optical axis toward the peripheral direction, of the at least 
one diffraction surface, satisfies the following conditional expression: 
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1-2SP W /P,S10. (1) 

Where, P: the width in the perpendicular direction to the optical axis of the i-th diffracting ring-shaped band, counted 
from the optical axis toward the peripheral direction. 

[0126] The number m of the diffracting ring-shaped band of the diffraction surface through which the light ray of NA 
0.60 of the objective lens passes, satisfies 

22 ^ m s 32. (2) 



[01 27] Because the wavelength X1 is within the range of 630 - 665 nm, preferably 635 nm or 650 nm, the wavelength 
X2 is within 750 - 810 nm, preferably 780 nm, the thickness t1 is 0.6 mm, and the thickness t2 is 1 .2 mm, the objective 
lens is appropriate for the optical pick-up apparatus which can record and/or reproduce the information for both of the 
« DVD and CD. 

[0128] Because the first optical information recording medium is DVD and the second optical information recording 
medium is CD, the objective lens appropriate for the optical pick-up apparatus which can record and/or reproduce the 
information for both of the DVD and CD, can be provided. 

[0129] In the optical pick-up apparatus having the converging optical system including the objective lens for con- 
20 verging the light flux from the light sources having the different wavelengths, and the light receiving means for detecting 
the reflected light from the recording surface, which can record or reproduce the information for at least two of the first 
and the second optical information recording media whose transparent thickness is different from each other, when 
two wavelengths different from each other are A.1 and A2 (A.1 < X2), and the thickness of the transparent substrates of 
two optical information recording media different from each other are t1 and t2 (t1 < t2), and when the necessary 
25 numerical aperture on the image side necessary for recording or reproducing the optical information recording medium 
with the thickness t1 of the transparent substrate by the light flux of the wavelength A,1 is NA1 , and the necessary 
numerical aperture on the image side necessary for recording or reproducing the optical information recording medium 
with the thickness t2 of the transparent substrate by the light flux of the wavelength X2 is NA2 {NA1 ^ NA2), the wave 
front aberration is not larger than 0.07 A.1 rms for the combination of the wavelength A.1 , thickness tl of the transparent 
30 substrate, and necessary numerical aperture NA1 , and the wave front aberration is not larger than 0.07 X2 rms for the 
combination of the wavelength X2, thickness t2 of the transparent substrate, and necessary numerical aperture NA2, 
and the light flux not smaller than the necessary numerical aperture NA2 is made a flare, for the combination of the 
wavelength X2 and the thickness t2 of the transparent substrate. 

[0130] In the optical system of the optical pick-up apparatus to conduct the recording and reproducing of the infor- 
35 mation for a plurality of kinds of the optical information recording media with different thickness, when the light flux not 
smaller than the necessary numerical aperture NA2 is made a flare for the combination of the wavelength A2 and the 
thickness t2 of the transparent substrate, the beam diameter is not too narrowed down and relatively large spot diameter 
can be obtained without using the aperture limitation. Accordingly, when the optical element provided with the diffracting 
ring-shaped band is used as in the present invention, the optical pick-up apparatus which records and reproduces the 
40 information for a plurality of kinds of the optical information recording media with different thickness, can be provided. 
[0131] When the light is irradiated from the light source with the wavelength X2 located at a predetermined object 
distance onto the optical information recording medium with the transparent substrate thickness t2 through the objective 
lens, the light flux of not smaller than numerical aperture NA2 and not larger than NA1 distributes in the range of not 
smaller than the diameter w2 and not larger than wl, and satisfies the following conditional expressions: 



10 jim s w2 § 50 p.m (3) 



20 urn s w1 - w2 ^ 1 10 nm . (4) 



[0132] At least one surface of the objective lens of the optical pick-up apparatus is the diffraction surface having the 
diffracting ring-shaped band, and when the optical path difference function of the diffraction surface is <|>(h) (h is the 
distance from the optical axis), d<J>(h)/dh is the discontinuous or practically discontinuous function at a portion of a 
55 predetermined distance h. 

[01 33] In the diffracting ring-shaped band of at least one surface of the objective lens of the optical pick-up apparatus, 
the width in the perpendicular direction to the optical axis in the most outside ring-shaped band in the ring-shaped 
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bands formed inside the predetermined distance h is not larger than the width in the perpendicular direction to the 
optical axis in the ring-shaped band which adjoins the most outside ring-shaped band and is formed outside the pre- 
determined distance h. 

[0134] When the light is irradiated from the light source of the wavelength X2 located at a predetermined object 
5 distance onto the optical information recording medium with the transparent substrate thickness t2 through the objective 
(ens of the optical pick-up apparatus, in the numerical aperture NA not larger than the predetermined distance h, the 
spherical aberration is not larger than 0.07X2 rms, and the spherical aberration of the light rays passing though the 
inside of the predetermined distance h is not larger than the spherical aberration of the light rays passing through the 
outside of the predetermined distance h by 10A2 - 100X2. 
10 [0135] In the optical pick-up apparatus, at least one surface of the objective lens is the diffraction surface having the 
diffracting ring-shaped band, and the i-th diffracting ring-shaped band counted from the optical axis toward the periph- 
eral direction, of the at least one diffraction surface, satisfies the following conditional expression: 

, 5 1-2SP M /P,S10. (1) 

Where, P: the width in the perpendicular direction to the optical axis of the i-th diffracting ring-shaped band, counted 
from the optical axis toward the peripheral direction. 

[0136] In the optical pick-up apparatus, the number m of the diffracting ring-shaped band of the diffraction surface 

20 through which the light ray of NA 0.60 passes, satisfies 22 m m ^ 32. 

[0137] In the optical pick-up apparatus, the object point of the objective lens for the combination of the wavelength 
X1 and the thickness tl of the transparent substrate, is at an optically equal distance to the object point of the objective 
lens for the combination of the wavelength X2 and the thickness t2 of the transparent substrate. 
[0138] In the optical pick-up apparatus, the wavelength X1 is within the range of 630 - 665 nm, preferably 635 nm 

25 or nm, the wavelength X2 is within 750 - 810 nm, preferably 780 nm, the thickness tl is 0.6 mm, and the thickness 
t2 is 1.2 mm. 

[0139] In the optical pick-up apparatus, the first optical information recording medium is DVD and the second optical 
information recording medium is CD. 

[0140] In the objective lens applicable for the optical pickup apparatus, at lest one surface is the diffraction surface 
30 having the diffracting ring-shaped band, and the spherical aberration when the light flux of the wavelength X2 in the 
range of the numerical aperture NA of 0.5 - 0.7 passes through the objective lens is not smaller than the spherical 
aberration when the light flux of the wavelength X2 in the numerical aperture NA not larger than 0.5 passes through 
the objective lens by 10X2 - 100X2. 

[0141] As described above, when the spherical aberration of the light ray passing through the inside of the prede- 
35 termined distance h is not larger than the spherical aberration of the light ray passing through the outside of the pre- 
determined distance h by 10X2 - 100X2, it is preferable because the light ray passing through the outside of the pre- 
determined distance h can be regarded as a flare, and the beam diameter is not too narrowed down and relatively 
large spot diameter can be obtained without using the aperture limitation for the small numerical aperture NA. 
[0142] In the optical pick-up apparatus having a light source to record and/or reproduce the information on the in- 
40 formation recording surface of the optical information recording medium by irradiating the light with different wave- 
lengths corresponding to 2 optical information recording media whose thickness of transparent substrates is different 
from each other, and an objective lens through which the light from the light source respectively passes, and which 
outputs the light to the optical information recording medium, at lest one surface of the objective lens is the diffraction 
surface having the diffracting ring-shaped band, and the spherical aberration when the light flux of a predetermined 
45 wavelength X2 in the range of the numerical aperture NA of 0.5 - 0.7 passes through the objective lens is not smaller 
than the spherical aberration when the light flux of the predetermined wavelength X2 in the numerical aperture NA not 
larger than 0.5 passes through the objective lens by more than 10X2 - 100X2. 

[01 43] In the objective lens applicable for the optical pick-up apparatus which has the light source with the wavelength 
X, the converging optical system including the objective lens for converging the light flux from the light source onto the 

50 recording surface of the optical information recording medium, and the light receiving means having the light receiving 
surface for detecting the reflected light from the recording surface, and can record or reproduce the information for the 
optical information recording medium, the objective lens has the diffraction surface on at least one surface, and when 
the light flux of the wavelength X of the numerical aperture NA of not larger than 0.5 passes, the light flux reflected 
from the optical information recording medium is irradiated to the light receiving means so that the light flux is included 

55 in the light receiving surface of the light receiving means, and when the light flux of the wavelength X of the numerical 
aperture NA of not smaller than 0.5 passes, the light flux reflected from the optical information recording medium is 
irradiated onto the surrounding except the light receiving surface of the light receiving means. 
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[01 44] Relating to the light receiving means used for the optical pick-up apparatus, there are a case where a module 
in which the laser light source and the light receiving means are integrated into a unit, is used, and a case where the 
laser light source and the light receiving means are separately provided. The former is called integrated light receiving 
means and the latter is called separated light receiving means herein. Fig. 8(a) is a typical view showing the light 

5 receiving surface of the integrated light receiving means, and Fig. 8(b) is a typical view showing the light receiving 
surface of the separated light receiving means. In Fig. 8(b), the light receiving surface of the light receiving means 
normally structured by almost 3 rectangular light receiving surfaces has a central light receiving surface CS, and a pair 
of peripheral light receiving surfaces PS arranged both sides of it. The central light receiving surface CS has a function 
to detect whether the writing and or reading error of the recording signal is not generated, and the peripheral light 

10 receiving surfaces PS has a function to detect whether tracking error is not generated. 

[0145] In the present invention, for the optical information recording medium of the small necessary numerical ap- 
erture in 2 optical information recording media of DVD and CD, that is the CD, when the light flux with the wavelength 
X of the numerical aperture NA of not smaller than 0.5 passes through the objective lens, the flare is formed by the 
diffraction surface. As shown in Fig. 8(b), the light flux with the wavelength X of the numerical aperture NA of not larger 

15 than 0.5 forms a spot on the center of the central light receiving surface CS, and the light flux with the wavelength X 
of the numerical aperture NA of not smaller than 0.5 is irradiated as the donuMike flare light of the inner diameter of 
(j>1 . In this case, when the inner diameter $1 is sufficiently large and the central light receiving surface CS is perfectly 
involved, the light flux with the wavelength X of the numerical aperture NA of not smaller than 0.5 is irradiated only onto 
the peripheral light receiving surface PS, and it is prevented that the unnecessary light is detected on the central light 

20 receiving surface CS as the light receiving surface in the present invention, and the erroneous detection can be pre- 
vented. 

[0146] Further, when the inner diameter of the flare light is <J>2 larger than <J>1, and it perfectly involves even the 
peripheral light receiving surface PS, in the light flux with the wavelength X of the numerical aperture NA of not smaller 
than 0.5, it is prevented that the unnecessary light is detected on the central light receiving surface CS and the peripheral 
25 light receiving surface PS as the light receiving surface in the present invention, and the erroneous detection can be 
prevented. 

[01 47] In the case where the light receiving means has one to three almost rectangular light receiving surfaces, when 
the spot diameter on the optical information recording surface of the light flux not smaller than the numerical aperture 
NA of 0.5 is not smaller than 5 jim, In the separated light receiving means, it is difficult that the unnecessary light enters 

30 into the central light receiving surface CS, and the erroneous detection can be prevented. 

[0146] When the light receiving means has 3 rectangular light receiving surfaces aligned almost on a straight line, 
and the spot diameter on the optical information recording surface of the light flux not smaller than the numerical 
aperture NA of 0.5 is not smaller than 25 u,m, in the separated light receiving means, it is more difficult that the unnec- 
essary light enters into the peripheral light receiving surface PS, and the erroneous detection can be further prevented. 

35 [01 49] In the objective lens applicable for the optical pick-up apparatus which has the light source with the wavelength 
X, the converging optical system including the objective lens for converging the light flux from the light source onto the 
recording surface of the optical information recording medium, and the light receiving means having the central light 
receiving surface and the peripheral light receiving surface for detecting the reflected light from the recording surface, 
and can record or reproduce the information for the optical information recording medium, the objective lens has the 

40 diffraction surface on at least one surface, and when the light flux of the wavelength X of the numerical aperture NA of 
not smaller than 0.5 passes, the light flux reflected from the optical information recording medium is irradiated to the 
light receiving means so that the light flux includes only the peripheral light receiving surface. 
[0150] As shown in Fig. 8(a), the integrated light receiving means is composed of more than at least 2, normally, 
more than 4 stripe-like light receiving surfaces. The light flux with the wavelength X not larger than the numerical 

^5 aperture NA of 0.5 forms the spot between the central light receiving surface group CS, and light flux with the wavelength 
X not smaller than the numerical aperture NA of 0.5 becomes the flare light of the inner diameter $1 and is irradiated. 
In this case, when the inner diameter <j>1 is sufficiently large and the central light receiving surface CS is perfectly 
involved, the light flux with the wavelength X of the numerical aperture NA of not smaller than 0.5 is irradiated only onto 
the peripheral light receiving surface PS, and it is prevented that the unnecessary light is detected on the central light 

so receiving surface CS as the light receiving surface in the present invention, and the erroneous detection can be pre- 
vented. 

[0151] When the light receiving means has at least 2 stripe-like light receiving surfaces, and the spot diameter on 
the optical information recording surface of the light flux not smaller than the numerical aperture NA of 0.5 is not smaller 
than 20 u.m, in the integrated light receiving means, it is more difficult that the unnecessary light enters into the central 
55 light receiving surface CS, and the erroneous detection can be prevented. 

[0152] When the light receiving means has at least 4 stripe-like light receiving surfaces, and the spot diameter on 
the optical information recording surface of the light flux not smaller than the numerical aperture NA of 0.5 is not smaller 
than 50 u.m, in the integrated light receiving means, it is more difficult that the unnecessary light enters into the peripheral 
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light receiving surface PS ( and the erroneous detection can be further prevented. 

[0153] In the optical pick-up apparatus which has the light source with the wavelength X, the converging optical 
system including the objective lens for converging the light flux from the light source onto the recording surface of the 
optical information recording medium, and the light receiving means having the light receiving surface for detecting 

5 the reflected light from the recording surface, and can record or reproduce the information for the optical information 
recording medium, the objective lens has the diffraction surface on at least one surface, and when the light flux of the 
wavelength X of the numerical aperture NA of not larger than 0.5 passes, the light flux reflected from the optical infor- 
mation recording medium is irradiated to the light receiving means so that the light flux is included in the light receiving 
surface of the light receiving means, and when the light flux of the wavelength X of the numerical aperture NA of not 

10 smaller than 0.5 passes, the light flux reflected from the optical information recording medium is irradiated to the sur- 
rounding except the light receiving surface of the light receiving means. 

[0154] In the optical pick-up apparatus, in the case where the light receiving means has 1 to 3 almost rectangular 
light receiving surfaces, when the spot diameter on the optica! information recording surface of the light flux not smaller 
than the numerical aperture NA of 0.5 is not smaller than 5 ujti, in the separated light receiving means, it is difficult 
is that the unnecessary light enters into the central light receiving surface CS, and the erroneous detection can be pre- 
vented. 

[0155] In the optical pick-up apparatus, when the light receiving means has 3 rectangular light receiving surfaces 
aligned almost on a straight line, and the spot diameter on the optical information recording surface of the light flux not 
smaller than the numerical aperture NA of 0.5 is not smaller than 25 um, in the separated light receiving means, it is 
20 more difficult that the unnecessary light enters into, the peripheral light receiving surface PS, and the erroneous de- 
tection can be further prevented. 

[0156] In the optical pick-up apparatus which has the light source with the wavelength X, the converging optical 
system including the objective lens for converging the light flux from the light source onto the recording surface of the 
optical information recording medium, and the light receiving means having the central light receiving surface and the 

25 peripheral light receiving surface for detecting the reflected lightfrom the recording surface, and can record or reproduce 
the information for the optical information recording medium, the objective lens has the diffraction surface on at least 
one surface, and when the light flux of the wavelength X of the numerical aperture NA of not smaller than 0.5 passes, 
the light flux reflected from the optical information recording medium is irradiated to the light receiving means so that 
the light flux includes only the peripheral light receiving surface. 

30 [0157] In the optical pick-up apparatus, when the light receiving means has at least 2 stripe-like light receiving sur- 
faces, and the spot diameter on the optical information recording surface of the light flux not smaller than the numerical 
aperture NA of 0.5 is not smaller than 20 ujti, in the integrated light receiving means, it is difficult that the unnecessary 
light enters into the central light receiving surface CS, and the erroneous detection can be prevented. 
[0158] In the optical pick-up apparatus, when the light receiving means has at least 4 stripe-like light receiving sur- 

35 faces, and the spot diameter on the optical information recording surface of the light flux not smaller than the numerical 
aperture NA of 0.5 Is not smaller than 50 u.m, in the separated light receiving means, it is more difficult that the unnec- 
essary light enters into the peripheral light receiving surface PS, and the erroneous detection can be further prevented. 
[01 59] In order to attain the above objects, the optical pick-up apparatus according to the present invention is struc- 
tured such that: the light flux from the light source is converged onto the information recording surface by the converging 

40 optical system' including the objective lens through the transparent substrate of the optical information recording me- 
dium, and recording or reproducing of the information is conducted, and the optical pick-up apparatus conducts re- 
cording or reproducing of the information of at least 2 kinds of optical information recording media in which the thickness 
of the transparent substrate and recording density are different; and in the optical pick-up apparatus which has the first 
light source with the wavelength A.1 (nm), the second light source with the wavelength X2 (nm) (X2 > and a light 

45 detector which receives the reflected light from the optical information recording medium of the emitted light flux from 
the first light source and the second light source, and in which the necessary numerical aperture on the optical infor- 
mation-recording medium side of the converging optical system necessary for recording or reproducing the first optical 
information recording medium whose transparent substrate thickness is tl by the wavelength A.1 , is NA1 , and the nec- 
essary numerical aperture on the optical information recording medium side of the converging optical system necessary 

so for recording or reproducing the second optical information recording medium whose transparent substrate thickness 
is t2 (herein, t2 > t1) by the wavelength X^, is NA2 (herein, NA2 < NA1), and when the diffraction pattern is provided 
on at least one surface of the converging optical system, and m-order diffracted ray (m is an integer) from the diffraction 
pattern of the converging optica! system of the light flux from the first light source is at least used, the first optical 
information recording medium whose transparent substrate thickness is t1 is recorded and/or reproduced, and when 

55 n-order diffracted ray (n is an integer, and n = m = 0 is excepted)) from the diffraction pattern of the converging optical 
system of the light flux from the second light source is at least used, the second optical information recording medium 
whose transparent substrate thickness is t2 (t2 > tl) is recorded and/or reproduced, in the light flux from the second 
light source passed through the objective lens, the tertiary spherical aberration component of the wave front aberration 
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when the light flux of a portion in which the numerical aperture is lower than NA2, on the optical information recording 
medium side, passes through the transparent substrate of the second optical information recording medium, is exces- 
sive, and when the absolute value is WSA2 X2 rms, then, 

0.02X2 rms s WSA2 ^ 0.06X2 rms. 

[0160] According to this optical pick-up apparatus, even when the diffraction pattern is provided, the chromatic ab- 
erration can be decreased, and the spherical aberration in the second optical information recording medium whose 
■ io transparent substrate is thick, is decreased. 

[0161] Further, m is an integer excluding 0, and preferably n = m. Further, the objective lens is a single lens, and the 
diffraction pattern is preferably provided on the single lens. 

[0162] Further, when the image formation magnification viewed from the optical information recording medium side 
of the objective lens at the time of recording or reproducing of the information of the first optical information recording 

1$ medium is M1 , and the image formation magnification viewed from the optical information recording medium side of 
the objective lens at the time of recording or reproducing of the information of the second optical information recording 
medium is M2, it is preferable that M2 and M1 is nearly equal. According to this, a light receiving device can be formed 
into a unit, and the first light source and the second light source can be formed into 1 package, and the apparatus can 
be structured compactly. Further, it is preferable that M1 and M2 are nearly 0, and according to this, the position 

20 adjustment of the light source becomes easy. 

[0163] Further, it is preferable that the position onto which the light ray most apart from the optical axis in the light 
flux from the second light source passed the objective lens, is converged through the transparent substrate of the 
second optical information recording medium, is, far from the objective lens, and farther than the position at which, in 
the light flux from the second light source passed the objective tens, the wave front aberration is minimum, when the 

25 light flux of a portion in which the numerical aperture on the optical information recording medium side is smaller than 
NA2, passes through the transparent substrate of the second optical information recording medium, and its difference 
is not smaller than 5 urn. When the difference is not smaller than 5 jim, in the light flux from the second light source, 
because the aberration of the light flux in the vicinity of the numerical aperture of NA1 becomes large, the beam spot 
is not narrowed-down by the objective lens. 

30 [0164] Further, it is more preferable that the position onto which the light ray most apart from the optical axis in the 
light flux from the second light source passed the objective lens, is converged through the transparent substrate of the 
second optical information recording medium, is, far from the objective lens, and farther than the position at which, in 
the light flux frorn the second light source passed through the objective lens, the wave front aberration is minimum, 
when the light flux of a portion in which the numerical aperture on the optical information recording medium side is 

35 smaller than NA2, passes through the transparent substrate of the second optical information recording medium, and 
its difference is not smaller than 1 5 u.m. When the difference is not smaller than 1 5 ujti, in the light flux from the second 
light source, because the light flux whose numerical aperture is almost larger than NA2, becomes the flare, the beam 
spot is not only narrowed-down by the objective lens, but also the aperture limitation is not necessary, and the con- 
verging optical system becomes simple. 

40 [0165] Further, the optical pick-up apparatus according to the present invention is structured such that the light flux 
from the light source is converged onto the information recording surface by the converging optical system including 
the objective lens through the transparent substrate of the optical information recording medium, and recording or 
reproducing of the information is conducted, and the optical pick-up apparatus conducts recording or reproducing the 
information of at least 2 kinds of optical information recording media in which the thickness of the transparent substrates 

45 and recording density are different, and in the optical pick-up apparatus which has the first light source with the wave- 
length X1 (nm), the second light source with the wavelength X2 (nm) (X2 > X1), and a light detector which receives the 
reflected light from the optical information recording medium of the emitted light flux from the first light source and the 
second light source, and the necessary numerical aperture on the optical information recording medium side of the 
converging optical system necessary for recording or reproducing the first optical information recording medium whose 

so transparent substrate thickness is t1 , by the wavelength X1 , is NA1 , and the necessary numerical aperture on the 
optical information recording medium side of the converging optical system necessary for recording or reproducing the 
second optical information recording medium whose transparent substrate thickness is t2 (herein, t2 > t1 ) by the wave- 
length X2, is NA2 (herein, NA2 < NA1), and when the almost ring-shaped band-like diffraction pattern is provided on 
at least one surface of the objective lens of the converging optical system, and m-order diffracted ray (m is an integer) 

55 from the diffraction pattern of the converging optical system of the light flux from the first light source is at least used, 
the first optical information recording medium whose transparent substrate thickness is tl is recorded and/or reproduced, 
and when n-order diffracted ray (n is an integer, and n = m = 0 is excepted)) from the diffraction pattern of the converging 
optical system of the light flux from the second light source is at least used, the second optical information recording 
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medium whose transparent substrate thickness is t2 (t2 > t1) is recorded and/or reproduced, when the numerical 
aperture on the optical information recording medium side of the light ray passing the peripheral edge of the almost 
ting band-like diffraction pattern including the optical axis is NAX, then, 0.2 s NAX/NA2 § 0.9 . 
[0166] Further, m is an integer excluding 0, and preferably n = m. Further, the objective lens is preferably a single lens. 

5 [0167] Further, when the image formation magnification viewed from the optical information recording medium side 
of the objective lens at the time of recording or reproducing of the information of the first optical information recording 
medium is Ml, and the Image formation magnification viewed from the optical information recording medium side of 
the objective lens at the time of recording or reproducing of the information of the second optical information recording 
medium is M2, it is preferable that M2 and M1 is nearly equal. Further, it is preferable that M1 and M2 are nearly 0. 

w [01 68] Further, it is preferable that the number of ring-shaped bands is 7 to 30, and the number of ring-shaped bands 
can be more reduced than in the case where the spherical aberration is perfectly corrected by the diffraction, and the 
production becomes easy. 

[0169] Further, the light flux incident on the information recording surface is divided into at least 3 light flux of the 
first light flux in the vicinity of the optical axis, the second light flux outside the first light flux, and the third light flux 

15 outside the second light flux, and the second light flux is caused not to reach the vicinity of the information recording 
surface, by the shielding means, and it is preferable that, in the m-order diffracted ray from the diffraction pattern of 
the converging optical system of the light flux from the first light source, the first light flux and the third light flux mainly 
form the beam spot, and records and/or reproduces the first optical information recording medium, and in the n-order 
diffracted ray from the diffraction pattern of the converging optical system of the light flux from the second light source, 

20 the first light flux mainly forms the beam spot, and records and/or reproduces the second optical information recording 
medium. 

[0170] . Further, it is preferable that the objective lens is single lens, and the diffraction pattern is provided on the 
single lens. . 

[01 71 ] Further, it is preferable that the objective lens is single lens, and the shielding means is provided on the single 
25 lens. 

[0172] Further, the light flux incident on the information recording surface is divided into at least 3 light flux of the 
first light flux in the vicinity of the optical axis, the second light flux outside the first light flux, and the third light flux 
outside the second light flux, and it is preferable that the beam spot is formed and the first optical information recording 
medium is recorded and/or reproduced, when the first light flux and the third light flux in the light flux from the first light 

30 source at least utilize the m-order diffracted ray from the diffraction pattern of the converging optical system, and the 
beam spot is formed and the second optical information recording medium is recorded and/or reproduced, when the 
first light flux and the third light flux at least utilize the n-order diffracted ray from the diffraction pattern of the converging 
optical system of the first light flux of the light flux from the second light source, and the second light flux. 
[0173] Further, the convergent position of a most apart portion from the optical axis in the first light flux of the light 

35 flux from the second light source is preferably different from the convergent position of the second light flux. 

[01 74] Further, the objective lens is a single lens, and the diffraction pattern is preferably provided on the single lens. 
Further, the second light flux is preferably diffracted by the diffraction pattern. 

[01 75] Further, the second light flux can pass through a portion having no diffraction pattern. Further, in the light flux 
from the second light source, the light flux in which, the numerical aperture on the optical information recording medium 
40 side is more than NA3 (NA2 ^ NA3 < NA1 ), can be made not to reach in the vicinity of the information recording surface 
by the shielding means. 

[0176] Further, the shielding means is preferably a ring-shaped band dichroic filter through which the light flux with 
the wavelength X^ passes and on which the light flux with the wavelength X2 is reflected. 

[0177] Further, the following can be attained: by the light flux of a portion in which the numerical aperture on the 
45 optical information recording medium side, in the n-order diffracted ray from the diffraction pattern of the converging 
optical system of the light flux from the second source is smaller than almost NA2, the beam spot is formed, and the 
second optical information recording medium is recorded and/or reproduced, and a portion in which the numerical 
aperture is larger than almost NA2 is the flare light. 

[0178] Further, It is preferable that the first light source'and the second light source are formed into a unit, and the 

so light detector is common to the first light source and the second light source. 

[0179] Further, the objective lens according to the present invention is an objective lens for use in the optical pick- 
up apparatus to conduct the recording or reproducing of the information for the optical information recording medium, 
and at least on one surface, it has the diffraction pattern, and when the parallel light flux of the wavelength 780 nm are 
incident on the surface, the tertiary spherical aberration component of the wave front aberration when a portion in 

55 which the numerical aperture on the optical information recording medium side, is smaller than 0.45, in the light flux 
passed through the objective lens, passes through the transparent substrate of the thickness 1 .2 mm, and the refer- 
active index 1 .57, is excessive, and the absolute value is WSA2 12 rms, and in the case where the parallel light flux 
of the wavelength 650 nm are incident on the surface, when the absolute value of the tertiary spherical aberration 
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component of the wave front aberration when a portion in which the numerical aperture on the optical information 
recording medium side is smaller than 0.6, in the light fiux passed through the objective lens, passes through the 
transparent substrate of the thickness 0.6 mm and the refractive index 1 .58, is WSA1 X1 rms, the following conditional 
expressions are satisfied: 0.02 X2 rms s WSA2 ^ 0.06 X2 rms, and WSA1 £ 0.04 X1 rms. 

s [0180] Further, the objective lens according to the present invention has almost ring-shaped band-like diffraction 
pattern on the whole surface of the effective diameter of at least one surface, and when the height from the optical axis 
of the peripheral edge of the almost ring-shaped band-like diffraction pattern including the optical axis is HX, and the 
height of the most outer peripheral ring-shaped band is HMAX, the following conditional expression is satisfied: 0.15 
£ HX/HMAX ^ 0.65. 

10 [0181] Further, the objective lens is preferably a single lens. 

[0182] Further, another objective lens for the optical pick-up according to the present invention has almost ring- 
shaped band-like diffraction pattern on the whole surface of the effective diameter of at least one surface, and the 
spherical aberration is discontinuous at more than 2 portions at least for the light flux of some wavelength. 
[0183] Further, still another objective lens for the optical pick-up according to the present invention is a single lens, 

is and has almost ring-shaped band-like diffraction pattern on the whole surface of the effective diameter of one surface, 
and the other surface is a discontinuous surface, and the spherical aberration is discontinuous at more than 2 portions 
at least for the light flux of some wavelength. 

[0184] Further, yet another objective lens for the optical pick-up according to the present invention is characterized 
in that: a plurality of ring-shaped band-like diffraction patterns are provided on the optical axis portion and the periphery 
20 of the effective diameter on at least one surface, and the refractive surface is provided between the ring-shaped band 
and its adjoining ring-shaped band, and the spherical aberration is discontinuous on the boundary of the refractive 
surface and the diffraction pattern. In this case, the objective lens is preferably a single lens. Further, the number of 
ring-shaped bands of the diffraction pattern may be adjusted to 7 - 30. 

[0185] Incidentally, the converging optical system in the present invention means more than 1 sets of the optical 
25 system by which, for example, CD and DVD can be recorded or reproduced, and not only the whole of the optical 
system by which the information can be recorded onto the information recording medium and /or the information on 
the information recording medium can be reproduced, but may also be a portion of the optical system, and includes 
the objective lens. 

[0186] In the objective lens for use in the optical pick-up apparatus for the information recording and reproducing 

30 which has the converging optical system including the objective lens to converge the light flux from the light sources 
having different wavelengths onto the recording surface of the optical disk, and the light receiving means for detecting 
the reflected light from the recording surface, and by which the information can be recorded or reproduced for the first 
and second optical disks whose transparent substrate thickness is different from each other, (herein, the necessary 
numerical aperture for the objective lens of the first optical disk is larger than that of the second optical disk), when the 

35 objective lens is formed of the fist lens having the positive refractive power and the second lens having the positive 
refractive power, in order from the laser light source, and at least one surface is the diffraction surface having the 
diffracting ring-shaped band, and 2 wavelengths different from each other are ^ , < A^), the thickness of the 

transparent substrates, which are different from each other, of 2 information recording media are t1 , t2 (t1 < t2), the 
predetermined image side numerical aperture necessary for conducting the recording or reproducing onto the infor- 

40 mation recording medium with the thickness t1 of the transparent substrate by the light flux of the wavelength is 
NA1 , and the predetermined image side numerical aperture necessary for conducting the recording or reproducing 
onto the information recording medium with the thickness t2 of the transparent substrate by the light flux of the wave- 
length X2 ls NA2 ( NA1 = NA2), then, the wave front aberration is not larger than 0.07^ rms, for the combination of 
the wavelength X t , the transparent substrate thickness t1 and the image side numerical aperture NA1 , and the wave 

45 front aberration is not larger than O.07X2 rms, for the combination of the wavelength X2, the transparent substrate 
thickness t2 and the image side numerical aperture NA2. 

[01 87] In the objective lens, because the wave front aberration is not larger than 0.07^ rms, for the combination of 
the wavelength the transparent substrate thickness t1 and the image side numerical aperture NA1 , and the wave 
front aberration is not larger than 0.07*2 rms » * or tne combination of the wavelength X^, the transparent substrate 
50 thickness t2 and the image side numerical aperture NA2, the recording and/or reproducing of the information can be 
appropriately conducted onto the optical disks with different substrate thickness by using the light sources having the 
different wavelengths. 

[0188] In the objective lens, because the wave front aberration is not larger than 0.07^2 rms, for the combination of 
the wavelength Xg, the transparent substrate thickness t2 and the image side numerical aperture NA1 , even when the 
55 combination of the light source wavelength and the substrate thickness is changed, the wave front aberration can be 
suppressed, thereby, the recording and/or reproducing of the information can be appropriately conducted. 
[01 89] However, as the objective lens described in item 3, for the combination of the wavelength X2, the transparent 
substrate thickness t2 and the image side numerical aperture NA1 , the wave front aberration may be not smaller than 
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0.07^2 rms. 

[0190] In the objective lens, for the combination of a predetermined position of the object point, the wavelength 
and the transparent substrate thickness tl, the wave front aberration is not larger than 0.07^ rms, and for the combi- 
- nation of the object point at optically equal distance to the predetermined position, the wavelength and the transparent 

5 substrate thickness t2, the wave front aberration is not larger than 0.07X3 rms - 

[0191] In the objective lens, for the combination of a predetermined position of the object point, the wavelength X 1 
and the transparent substrate thickness tl, the wave front aberration is not larger than 0.075tj rms, and for the combi- 
nation of the object point at optically not equal distance to the predetermined position, the wavelength X2 and the 
transparent substrate thickness t2, the wave front aberration is not larger than 0.07^2 rms (K is respective wavelength). 

10 [0192] The objective lens satisfies the following conditional expression: 

0.4 s |(Ph/Pf) - 2| ^ 25 (5) 

15 Where, Pf : the pitch of the diffracting ring-shaped band in the image side numerical aperture NA1 necessary for con- 
ducting the recording or reproducing onto the information recording medium with the transparent substrate thickness 
tl, Ph: the pitch of the diffracting ring-shaped band in the numerical aperture of 1/2 of NA1 . 

[0193] The conditional expression (5)relates to a pitch of the diffracting ring-shaped band, that is, to an interval 
between ring-shaped bands in the perpendicular direction to the optical axis. When the optical path difference function 

20 has only the square term of h, (Ph/Pf)- 2 = 0, however, in the present invention, in order to satisfactorily correct the 
difference of the spherical aberration generated due to the difference between two substrate thickness by using the 
diffraction, it is preferable to use the higher degree term of the optical path difference function, and in this case, it is 
preferable that the term (Ph/Pf) -2 has a value separated from 0 to some extent. When the value goes lower than the 
lower limit in the expression (5), the action of the diffraction to correct the higher degree of spherical aberration is 

25 decreased, and it becomes difficult to correct the difference of the spherical aberration between 2 wavelengths gen- 
erated due to the difference of the substrate thickness by the action of the diffraction. When the value goes over the 
upper limit in the expression (5), a portion at which the pitch of the diffracting ring-shaped band becomes too small is 
generated, and it is difficult to produce the lens having the high diffraction efficiency. 
[0194] When the objective lens satisfies the following conditional expression, it is preferable. 

30 

0.8 ^ |(Ph/Pf) - 2| ^ 6.0 (6) 
[0195] It is more preferable when the objective lens satisfies the following conditional expression. 

35 

1.2 ^ |(Ph/Pf)-2| m 2.0 (7) 
[0196] It is more preferable when the objective lens satisfies the following conditional expressions. 

40 

0.70 ^ d1/f ^ 1.70 (8) 



0.60 ^ r1/(n1 -0 ^ 110 (9) 



0.3^(r2 + r1)(r2-r1)S2.0 (10) 

50 Where, d1 : the lens thickness on the axis of the first lens, f: focal distance, ri: the paraxial radius of curvature of each 
surface, n1: the refractive index of the first lens. 

[01 97] The expression (8) relates to the thickness of the center of the first lens, and when the value goes lower than 
the lower limit, the image height characteristic is lowered. On the one hand, when the value goes over the upper limit, 
. the lens becomes a thick wail and the size of the pick-up increases. The expression (9) relates to the radius of curvature 
55 of the first lens, and when the value goes lower the lower limit and ri becomes small, the shift sensitivity or the tilt 
sensitivity of the first lens is increased. On the one hand, when the value goes over the upper limit and r1 is increased, 
the power burden of the second lens is increased, and the error sensitivity to the lens thickness of the second lens is 
increased. The expression (10) relates to the shape of the first lens, and when the value goes lower than the lower 
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limit and its shape becomes near to the double convex symmetrical shape, the correction of the spherical aberration 
is difficult. On the one hand, when the value goes over the upper limit and the degree of the meniscus is increased, 
the aberration deterioration due to the dislocation of the axis between the first surface and the second surface of the 
first lens is large. 

s [01 98] It is more preferable when the objective lens satisfies the following conditional expressions. 

loos di/rs 1.40 (11) 



0.70 ^ r1/(n1 - f) S 0.90 (12) 



0.4 S (r2 + r1)/(r2-r1) s 1.4 (13) 

15 

[01 99] In the optical pick-up apparatus for the information recording and reproducing which has the converging optical 
system including the objective lens to converge the light flux from the light sources having different wavelengths onto 
the recording surface of the optical disk, and the light receiving means for detecting the reflected light from the recording 
surface, and by which the information can be recorded or reproduced for the first and second optical disks whose 

20 transparent substrate thickness is different from each other, (herein, the necessary numerical aperture for the objective 
lens of the first optical disk is larger than that of the second optical disk), when the objective lens is formed of the fist 
lens having the positive refractive power and the second lens having the positive refractive power, in order from the 
laser light source side, and at least one surface is the diffraction surface having the diffracting ring-shaped band, and 
when 2 wavelengths different from each other are *., , X% (A^ < X^ t the thickness of the transparent substrates, which 

25 are different from each other, of 2 information recording media are t1 , t2 (t1 < t2), the predetermined image side nu- 
merical aperture necessary for conducting the recording or reproducing onto the information recording medium with 
the thickness tl of the transparent substrate by the light flux of the wavelength *., is NA1 , and the predetermined image 
side numerical aperture necessary for conducting the recording or reproducing onto the information recording medium 
with the thickness t2 of the transparent substrate by the light flux of the wavelength *g is NA2 (NA1 a NA2), then, the 

30 wave front aberration is not larger than 0.07*., rms, for the combination of the wavelength *., , the transparent substrate 
thickness t1 and the image side numerical aperture NA1 , and the wave front aberration is not larger than 0.07*2 rms, 
for the combination of the wavelength *2, tne transparent substrate thickness t2 and the image side numerical aperture 
NA2. 

[0200] In the objective lens of the optical pick-up apparatus, because the wave front aberration is not larger than 
35 0.07*., rms, for the combination of the wavelength * 1( the transparent substrate thickness t1 and the Image side nu- 
merical aperture NA1 , and the wave front aberration is not larger than 0.07*2 rms, for the combination of the wavelength 
*2, the transparent substrate thickness t2 and the image side numerical aperture NA2, the recording and/or reproducing 
of the information can be appropriately conducted onto the optical disks with different substrate thickness by using the 
light sources having the different wavelengths. 
40 [0201] In the objective lens of the optical pick-up apparatus, because the wave front aberration is not larger than 
0.07*2 nTiS * f° r tne combination of the wavelength *2, tne transparent substrate thickness t2 and the image side nu- 
merical aperture NA1, even when the combination of the light source wavelength and the substrate thickness is. 
changed, the wave front aberration can be suppressed, thereby, the recording and/or reproducing of the information 
can be appropriately conducted. 
45 [0202] In the objective lens of the optical pick-up apparatus, the wave front aberration may be not smaller than 0.07*2 
rms, for the combination of the wavelength 7^, the transparent substrate thickness t2 and the image side numerical 
aperture NA1 . 

[0203] In the objective lens of the optical pick-up apparatus, for the combination of a predetermined position of the 
object point, the wavelength * 1 and the transparent substrate thickness tl, the wave front aberration is not larger than 

so 0.07*1 m)S * and for tne combination of the object point at optically equal distance to the predetermined position, the 
wavelength *2 and the transparent substrate thickness t2, the wave front aberration is not larger than 0.07*2 rms - 
[0204] In the objective lens of the optical pick-up apparatus, for the combination of a predetermined position of the 
object point, the wavelength *j and the transparent substrate thickness t1 , the wave front aberration is not larger than 
0.07*! rms, and for the combination of the object point at optically not equal distance to the predetermined position, 

55 the wavelength *g and the transparent substrate thickness t2, the wave front aberration is not larger than 0.07*2 rrns 
(* is respective wavelength). 

[0205] The objective lens of the optical pick-up apparatus satisfies the following conditional expression: 
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0.4 g |(Ph/Pf) - 2| ^ 25 (5') 

Where, Pf: the pitch of the diffracting ring-shaped band in the image side numerical aperture NA1 necessary for con- 
5 ducting the recording or reproducing onto the information recording medium with the transparent substrate thickness 
tl, Ph: the pitch of the diffracting ring-shaped band in the numerical aperture of 1/2 of NA1. 

[0206] The conditional expression (5') relates to a pitch of the diffracting ring-shaped band, that is, an interval between 
ring-shaped bands in the perpendicular direction to the optical axis. When the optical path difference function has only 
the square term of h, (Ph/Pf)- 2 = 0, however, in the present invention, in order to satisfactorily correct the difference 

io of the spherical aberration generated due to the difference between two substrate thickness by using the diffraction, 
it is preferable to use the higher degree term of the optical path difference function, and in this case, it is preferable 
that the term (Ph/Pf) -2 has a value separated to some extent from 0. When the value goes to lower than the lower 
limit in the expression (5'), the action of the diffraction to correct the higher degree of spherical aberration is decreased, 
and it becomes difficult to correct the difference of the spherical aberration between 2 wavelengths generated due to 

15 the difference of the substrate thickness by the action of the diffraction. When the value goes over the upper limit in 
the expression (5'), a portion at which the pitch of the diffracting ring-shaped band becomes too small is generated, 
and it is difficult to produce the lens having the high diffraction efficiency. 

[0207] When the objective lens of the optical pick-up apparatus satisfies the following conditional expression, it is 
preferable. 

20 

0.8 ^|(Ph/Pf)-2| ^ 6.0 (6') 

[0208] It is more preferable when the objective lens of the optical pick-up apparatus satisfies the following conditional 
25 expression. 

1.2 s j(Ph/Pf)-2| ^ 2.0 (7') 

30 [0209] It is more preferable when the objective lens of the optical pick-up apparatus satisfies the following conditional 
expressions. 

0.70 ^ d1/f s 1.70 (8') 

35 

0.60 £ r1/(n1 -f) £ 1.10 (9') 



40 0.3 ^(r2 + r1)/(r2-r1)^2.0 (10') 

Where, d1 : the lens thickness on the axis of the first lens, f: focal distance, ri: the paraxial radius of curvature of each 
surface, n1 : the refractive index of the first lens. 

[0210] The expression (8') relates to the thickness of the center of the first lens, and when the value goes to the 
45 lower side of the lower limit, the image height characteristic is lowered. On the one hand, when the value goes over 
the upper limit, the lens becomes a thick wall and the size of the pick-up increases. The expression (9') relates to the 
radius of curvature of the first lens, when the value goes lower the lower limit and rl becomes small, the shift sensitivity 
or the tilt sensitivity of the first lens is increased. On the one hand, when the value goes over the upper limit and rl is 
increased, the power burden of the second lens is increased, and the error sensitivity to the lens thickness of the 
so second lens is increased. The expression (10') relates to the shape of the first lens, and when the value goes lower 
the lower limit and its shape becomes near to the double convex symmetrical shape, the correction of the spherical 
aberration is difficult. On the one hand, when the value goes over the upper limit and the degree of the meniscus is 
increased, the aberration deterioration due to the dislocation of the axis between the first surface and the second 
surface of the first lens is large. 
55 [0211] It is more preferable when the objective lens of the optical pick-up apparatus satisfies the following conditional 
expressions. 
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1.00 ^ d1/f ^ 1.40 (IV) 



0.70 s r1/(n1 -f) ^ 0.90 (12') 



0.4^(r2 + r1)/(r2-r1)^ 1.4 (13') 

io [0212] The optical element used in the optical pick-up apparatus for reproducing the information from the optical 
information recording medium or recording the information onto the optical information recording medium, has the 
optical axis and the diffraction portion, and the diffraction portion has a plurality of areas, and the number of orders of 
the diffracted light at which the plurality of areas most intensively generate for respective predetermined wavelengths, 
is not respectively 0, and the absolute value is different from each other. 

is [0213] For example, in the optical pick-up apparatus to conduct the recording and reproducing of the information 
using the light flux having the different numerical aperture, when the light flux outside a predetermined numerical 
aperture is made the flare under the condition of use on the small numerical aperture side, the beam diameter is not 
too narrowed down, without using the aperture limitation for the small numerical aperture, and relatively large spot 
diameter can be obtained. Accordingly, when the optical element provided with the diffracting ring-shaped band as in 

20 the present invention, is used, because, even in the case where the light flux of any numerical aperture is used, the 
appropriate spot can be formed, thereby, the optical pick-up apparatus to conduct the recording and reproducing of 
the information for a plurality of different kinds of the optical information recording media such as, for example, the CD 
and DVD, can be provided. 

[0214] When more specifically described, when the information is recorded or reproduced for the different optical 
25 information recording media by using the blazed optical element, the spherical aberration can be generated and made 
the flare so that the spot diameter, which is the same as in the case where the optical element of a predetermined 
numerical aperture is used, is obtained, also by the light flux of the aperture diameter more than a predetermined 
numerical aperture. However, when the flare is converged to the narrow range, or the intensity is large, there is a 
possibility that it is erroneously detected as a focus signal or a tracking signal. 
30 [0215] Accordingly, as in the present invention, in the case where, for example, the CD and DVD are used as the 
optical information recording media, when the optical element is blazed so that a portion larger than a predetermined 
numerical aperture for the CD is made to most intensively generate the + second order diffracted ray for the wavelength 
of the light flux for the DVD recording or reproducing, as compared to the case where it is blazed for the + first order 
diffracted ray, because the light flux to be made the flare more than a predetermined numerical aperture for the CD Is 
35 dispersed to other order numbers, and the diffraction efficiency can be decreased, the influence of the primary order 
number (herein, + second order number) flare can be decreased. Further, in this case, the other unnecessary order 
light flux such as + first order light, and +third order light can be made large flare on the recording surface, and the 
influence can be suppressed to small. Incidentally, in the present invention, a plurality of areas means not smaller than 
2 areas. 

40 [0216] Further, the diffraction portion of the optical element has the diffracting ring-shaped band in each of the plurality 
of areas, and most intensively generates the diffraction light of the first order number (n1 * 0) in the inside of a prede- 
termined distance from the optical axis, and in its outside, most intensively generates the second order diffracted ray 
(n2 * 0, and In1l + In2l), which is different from the first order number. Incidentally, any one of the first order number 
and second order number can be selected, so far as these are not 0 order light and these absolute values are not equal. 

45 [0217] In the present invention, in the inside of a predetermined distance from the optical axis, the fist order (n1 * 
0) diffraction light is most intensively generated, and a spot light satisfactorily narrowed-down can be obtained. 
[0218] In the present specification, the optical element means a lens, prism, mirror, parallel plates, or the like. Further, 
the ring-shaped band (diffracting ring-shaped band) is, herein, a ring-shaped band from a step to a step, when the 
diffraction shape is viewed in the cross section including the optical axis. 

so [0219] Fig. 9 is a typical view showing an example of a lens as an optical element provided with a diffracting ring- 
shaped band as a diffraction portion. In Fig. 9, the pitch and the difference in level of the diffracting ring-shaped band 
are drawn larger than the actual condition for easy understanding, and its number is also drawn smaller than the actual 
condition for easy understanding. 

[0220] In the left optical surface of the lens 3 shown in Fig. 9, in the inside and the outside of the point separated by 
55 a predetermined distance H from the optical axis X, the shape of trie diffracting ring-shaped band is largely different. 
More specifically, in the inside of the point separated by a predetermined distance H from the optical axis X, the dif- 
fracting ring-shaped band 3a has the pitch and the difference in level so that the intensity of the diffraction light of the 
first order (for example, + first order ) becomes the maximum. On the one hand, in the outside of the point separated 
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by a predetermined distance H from the optical axis X, the diffracting ring-shaped band 3b has the pitch and the 
difference in level so that the intensity of the diffraction light of the second order, different from the first order, (for 
example, + second order) becomes the maximum. Incidentally, the sign of the diffraction order number is defined as 
the positive order number, when the light flux is deflected in the converging direction by the diffraction. 

5 [0221] Herein, by adjusting the pitch and the difference in level, the order number of the diffraction light by which the 
intensity becomes the maximum, can be determined. In this connection, in the case where the light flux passes through 
the diffracting ring-shaped band 3a, when the intensity of the + first order diffracted ray becomes the maximum, and 
in the case where the light flux passes through the diffracting ring-shaped band 3b, when the intensity of the + second 
order diffracted ray becomes the maximum, the pitch p2 and the difference in level d2 of the diffracting ring-shaped 

10 band 3b outside the point separated by the predetermined distance H from the optical axis X respectively become 2 
times, as compared to the case where being blazed by the first order diffracted ray. 

[0222] The diffraction portion of the optical element has the diffracting ring-shaped band for each of the plurality of 
areas, and the maximum value of the difference in level in the diffracting ring-shaped band and the minimum value of 
the difference in level are different by more than 1 .5 times, thereby, in the inside of the predetermined distance from 

is the optical axis, the diffraction light of the first order (n1 * 0) is generated most intensively, and in its outside, the 
diffraction light of the second order, different from the fist order (n2 * 0, and In1l * In2l), is generated most intensively. 
[0223] When the diffracting ring-shaped band is provided by blazing the optical element such as the objective lens, 
the depth of the difference in level of the diffracting ring-shaped band is determined according to the diffraction order 
number by which the intensity is to be most enhanced, the wavelength of the incident light flux, and the incident angle 

20 of the light flux. This condition is a necessary condition when, in one optical surface, the ring-shaped bands to generate 
the diffraction light of the different order numbers such as, for example, + fist order light and + second order light, are 
provided with together. When the case where the wavelength of the incident light flux or the incident angle of the light 
flux can be changed according to the position is added to this, a condition that the ratio of the maximum value and 
minimum value of the difference in level of the diffracting ring-shaped band is larger than 1 .5 times, is one of conditions 

25 necessary for adequately generating the diffraction light of different order numbers. 

[0224] The maximum vale of the difference in level and the minimum value of the difference in level of the optical 
element are not different from each other more than 6 times. This is because, when the blazing is made so as to 
conform to the too high order diffracted ray, there is a possibility that the unnecessary order diffracted ray is image- 
formed near the necessary order diffracted ray for the information recording or reproducing and the bad influence is 

30 affected on it. 

[0225] When the first order of the optical element is n1 , and the second order is n2, n1 = 1 and n2 § 2 are realized 
(herein, the sign of the diffraction order number is determined such that a sign when the light flux is changed in the 
converging direction by the diffraction is positive). 
[0226] In the optical element, n2 = 2 is realized. 
35 [0227] The diffracting ring-shaped band of the optical element is blazed so that the diffraction efficiency becomes 
maximum for the first order diffracted ray of a predetermined wavelength in the inside of the predetermined distance 
from the optical axis, and it is blazed so that the diffraction efficiency becomes maximum for the second order diffracted 
ray of a wavelength different from the predetermined wavelength in the outside of a predetermined distance from the 
optical axis. 

40 [0228] Herein, blazing means that the diffracting ring-shaped band whose cross sectional shape is saw tooth-like, 
is formed on the surface of the mother aspherical surface so that the diffraction efficiency of the predetermined order 
number becomes the maximum. 

[0229] The optical element is an objective lens for use in the optical pick-up apparatus. 

[0230] The optical pick-up apparatus uses the optical element and reproduces the information from the optical In- 
45 formation recording medium, or records the information onto the optical information recording medium. 

[0231] The optical pick-up apparatus which reproduces the information from at least 2 kinds of optical information 
recording media, or records the information onto the optical information recording media, has: the first light source to 
emit the first light flux having the first wavelength A.1 ; the second light source to emit the second light flux having the 
second wavelength X2 which is different from the first wavelength X1; the converging optical system including the 
so objective lens to converge the fist light flux and the second light flux emitted from the first light source and the second 
light source onto the information recording surfaces through the transparent substrates of the first and the second 
optical information recording media; and the light detector receiving the reflected light from the first and the second 
optical information recording media, wherein the objective lens has the optical axis and diffraction portion, the diffraction 
portion has a plurality of areas, and the order numbers in which the plurality of areas most intensively generate re- 
55 spectively for the predetermined wavelength, are respectively not 0, and the absolute values are different from each 
other, the first light source emits the first light flux for reproducing the information from the first optical information 
recording medium having the first transparent substrate with the thickness t1 , or for recording the information, the 
second light source emits the second light flux for reproducing the information from the second optical information 
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recording medium having the second transparent substrate with the thickness t2 different from the thickness t1 , or for 
recording the information, the converging optical system can converge the light flux from the first light source onto the 
information recording surface of the first optical information recording medium, under the condition in which the wave 
front aberration is not larger than 0.07 \^ rms in the predetermined numerical aperture NA1 on the image side of the 

s objective lens necessary for recording or reproducing of the first optical information recording medium, by the light flux 
of the wavelength X1, and can converge the light flux from the second light source onto the information recording 
surface of the second optical information recording medium, under the condition in which the wave front aberration is 
not larger than 0.07 X2 rms in the predetermined numerical aperture NA2 on the image side of the objective lens 
necessary for recording or reproducing of the second optical information recording medium, by the light flux of the 

10 wavelength X2, and further, satisfies the following conditions. 



X1 <X2 



(14) 



15 



t1 <t2 



(15) 



NA1 > NA2 (16) 

20 

[0232] In the optical pick-up apparatus to conduct the recording and reproducing of the information by using the first 
and the second light flux whose numerical apertures NA1 and NA2 are different from each other, when the light flux 
outside the predetermined numerical aperture under the condition of use of the smaller numerical aperture side (NA2) 
is made the flare, the beam diameter is not too narrowed down without using the aperture limitation for the smail 

25 numerical aperture (NA2), and the relatively large spot can be obtained. Accordingly, as in the present invention, when 
the objective lens provided with the diffracting ring-shaped band is used, because, even when the light flux of any 
numerical aperture is used, the appropriate spot can be formed, the optical pick-up apparatus to conduct the recording 
and reproducing of the information for the plurality of different kinds of optical information recording media such as, for 
example, CD and DVD, can be provided. 

so [0233] When more specifically explained, when, by using the blazed objective lens, the information is recorded or 
reproduced for the different optical information recording media, the spherical aberration is generated in the optical 
element having more than a predetermined numerical aperture, and can be made the flare, so that the same spot 
diameter as in the case where the optical element having a predetermined numerical aperture is used, can be obtained 
also by the light flux with the aperture diameter more than a predetermined numerical aperture. However, when the 

35 flare is converged in a narrow range, or the intensity is high, there is a possibility that it is erroneously detected by the 
detector as the focus signal or tracking signal, 

[0234] When the diffracting ring-shaped band is provided by blazing the objective lens, the depth of the difference 
in level of the diffracting ring-shaped band is determined according to the diffraction order number by which the intensity 
is to be most enhanced, the wavelength of the incident light flux, and the incident angle of the light flux. This condition 

40 is a necessary condition when, on one optical surface, the ring-shaped bands to generate the diffraction light of different 
order numbers such as, for example, + first light and + second light are provided together. When the case in which the 
wavelength of the incident light flux or the incident angle of the light flux can be changed according to the position, is 
added to this, a condition that the ratio of the maximum value and minimum value of the difference in level of the 
diffracting ring-shaped band is larger than 1 .5 times, is one of conditions necessary for adequately generating the 

45 diffraction light of different order numbers. 

[0235] In the optical pickup apparatus, the diffraction portion of the optical element has the diffracting ring-shaped 
band in each of the plurality of areas, and most intensively generates the diffraction light of the first order (n1 * 0) in 
the inside of a predetermined distance from the optical axis, and in its outside, most intensively generates the second 
order diffracted ray (n2 * 0, and In 11 + In2l), which is different from the first order. 

so [0236]- Further, in the present invention, in the inside of a predetermined distance from the optical axis, the fist order 
(n1 * 0) diffraction light is most intensively generated, and a spot light satisfactorily narrowed-down can be obtained. 
[0237] in the optical pickup apparatus, the diffraction portion of the optical element has the diffracting ring-shaped 
band for each of the plurality of areas, and the maximum value of the difference in level in the diffracting ring-shaped 
band and the minimum value of the difference in level are different by more than 1 .5 times, thereby, in the inside of the 

55 predetermined distance from the optical axis, the diffraction light of the first order (n1 * 0) is generated most intensively, 
and in its outside, the diffraction light of the second order, different from the first order (n2 * 0, and In1l * In2l), is 
generated most intensively. 

[0238] When the diffracting ring-shaped band is provided by blazing the optical element such as the objective lens, 



42 




EP1 102 251 A2 

the depth of the difference in level of the diffracting ring-shaped band is determined according to the diffraction order 
number by which the intensity is to be most enhanced, the wavelength of the incident light flux, and the incident angle 
of the light flux. This condition is a necessary condition when, in one optical surface, the ring-shaped bands to generate 
the diffraction light of the different order numbers such as, for example, + fist order light and + second order light, are 
5 provided with together. When the case where the wavelength of the incident light flux or the incident angle of the light 
flux can be changed according to the position is added to this, a condition that the ratio of the maximum value and 
minimum value of the difference in level of the diffracting ring-shaped band is larger than 1 .5 times, is one of conditions 
necessary for adequately generating the diffraction light of different order numbers. 

[0239] In the outside of the predetermined distance from the optical axis of the pick-up apparatus, the minimum pitch 
10 of the diffracting ring-shaped band in the effective diameter, is not smaller than 1 0 urn and not larger than 80 u.m. This 
is because, when the minimum pitch is not smaller than 1 0 ujti, the processing of the ring-shaped band becomes easy, 
and when it is not larger than 80 u/n, the diffraction action can be effectively obtained. 

[0240] The maximum vale of the difference in level and the minimum value of the difference in level of the optical 
pick-up apparatus are not different from each other more than 6 times. This is because, when the blazing is made so 
is as to conform to the too high order diffracted ray, there is a possibility that the unnecessary order diffracted ray is 
image-formed near the necessary order diffracted ray for the information recording or reproducing and the bad influence 
is affected on it. 

[0241] When the first order of the optical pick-up apparatus is n1 , and the second order is n2, n1 =1 and n2 £ 2 are 
realized (herein, the sign of the diffraction degree is determined such that a sign when the light flux is changed in the 
20 converging direction by the diffraction is positive). 

[0242] In the optical pick-up apparatus, n2 = 2 is realized. 

[0243] The diffracting ring-shaped band of the optical pick-up apparatus is blazed so that the diffraction efficiency 
becomes maximum for the first order diffracted ray of a predetermined wavelength in the inside of the predetermined 
distance from the optical axis, and it is blazed so that the diffraction efficiency becomes maximum for the second order 
25 diffracted ray of a wavelength different from the predetermined wavelength in the outside of a predetermined distance 
from the optical axis. 

[0244] Because the converging optical system of the optical pick-up apparatus converges the light flux from the 
second light source onto the information recording surface of the second optical information recording medium under 
the condition that the wave front aberration Is not smaller than 0.07 X2 rms in the numerical aperture NA1 , the larger 
30 flare light can be formed. 

[0245] The predetermined distance of the diffraction portion in the objective lens of the optical pick-up apparatus is 
almost corresponding to a range through which the light flux of NA2 passes. 

[0246] In the converging optical system of the optical pick-up apparatus, the spherical aberration is discontinuous 
at a predetermined distance from the optical axis for the light flux with the wavelength X2. 

35 [0247] The diffraction pattern (or diffraction surface, diffraction portion) used in the present specification means a 
configuration (or diffraction surface) in which a relief is provided on the surface of the optical element, for example, on 
the surface of the lens, and the action to converge or diverge the light flux by the diffraction is provided on it, and when 
one optical surface has an area in which the diffraction is generated, and an area in which no diffraction is generated, 
it means the area in which the diffraction is generated. As the shape of the relief, for example, on the surface of the 

40 optical element, it is formed as the almost concentric circular ring-shaped band around the optical axis, and when its 
cross section is viewed in the plane including the optical axis, although it is well known that each ring-shaped band 
has the saw-toothed shape, this relief includes such the shape. 

[0248] In the present specification, the objective lens indicates, in a narrow sense, a lens having the light converging 
action located in opposite to the position on the most optical information recording medium side, in the condition the 

« optical information recording medium is loaded on the optical pick-up apparatus, and in a broad sense, it indicates a 
lens group which can be operated at least in the optical axis direction by an actuator, together with that lens. Herein, 
such the lens group indicates lenses at least more than 1 element (for example, 2 elements). Accordingly, in the present 
specification, the numerical aperture NA on the optical information recording medium side of the objective lens indicates 
the numerical aperture NA of the lens surface positioned on the most optical information recording medium side of the 

50 objective lens. Further, the numerical aperture NA in the present specification, indicates a numerical aperture regulated 
by a standard of respective optical information recording medium, or a numerical aperture of the objective lens with 
the diffraction limit performance by which the spot diameter necessary for recording and reproducing the information 
can be obtained. 

[0249] In the present specification, as an optical information recording medium (optical disk), for example, each CD 
55 such as CD-R, CD-RW, CD-Video, CD-ROM, each DVD such as DVD-ROM, DVD-RAM, DVD-R, DVD-RW, DVD- 
Video, or a disk-like present optical information recording medium such as MD, and the next generation recording 
medium, are included. The transparent substrate exists on the information recording surface of many optical information 
recording media. However, the medium whose transparent thickness is almost near 0, or in which there is no transparent 
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substrate, also exists or is proposed. For the convenience of the explanation, in the present specification, although 
there is a case in which [through the transparent substrate] is described, such the transparent substrate includes also 
a case where the thickness is 0, that is, no transparent substrate exists. 

[0250] In the present specification, recording and reproducing of the information, means recording the information 
5 onto the information recording surface of the information recording medium as described above, and reproducing the 
information recorded on the information recording surface. The optical pick-up apparatus of the present invention may 
be the apparatus used only for recording or reproducing, or may be the apparatus used for conducting the both of 
recording and reproducing. Further, the optical pick-up apparatus may be the apparatus used for conducting the re- 
cording for some information recording medium, and the apparatus used for conducting the reproducing for the other 
10 information recording medium, or may be the apparatus used for conducting the recording or reproducing for some 
information recording medium, and for conducting the recording and reproducing for the other information recording 
medium. Incidentally, the reproducing used herein, includes simpty reading out the information. 
[0251 ] The optical pick-up apparatus in the present invention can be mounted in an audio and/or an image recording 
and/or reproducing apparatus of each kind of player or drive, or an AV apparatus in which these are assembled, personal 
15 computer, or other information terminal equipments. It is preferable that these recording and/or reproducing apparatus 
have spindle motors or the like. 

[0252] Referring to the drawings, preferred embodiments of the present invention will be described below. The dif- 
fraction surface is expressed by a mother aspherical surface showing the macro shape from which the diffraction relief 
is removed, and the optical path difference function. The optical path difference function expresses the optical path 
20 difference added by the diffraction surface for the fist order diffracted ray with the reference wavelength, and the dif- 
fracting ring-shaped band is provided every time when the value of the optical path difference function is changed by 
mX (m is the diffraction order number). 

[0253] In an example of the present invention, the mother aspherical surface of the diffraction surface and the optical 
path difference function are expressed by respectively other functions in the inside (optical axis side) and the outside 
25 (peripheral side)by defining the distance hb from the optical axis as a border. 

[0254] In this case, constant terms are provided in the outside mother aspherical surface and the outside optical 
path difference function so that the mother aspherical surface and the optical path difference function are practically 
continuous. The optical path difference function O(h) is expressed by the following expression. 

30 OAR 

<D(h) = bO + b2 r» + b4 h + b6 h + ... (17) 

Where, h: distance from the optical axis, bO, b2, b4, b6: coefficients of the optical path difference function. 
[0255] On the one hand, the aspherical surface is expressed by the following expression. 

35 

X = (h 2 /r)/(1 + >/(1 - (1 + k)h 2 /r 2 )) +A0 +A2 x h 2 + A4 x h 4 + A6 x h 6 + (18) 

Where, 

40 

AO, A2, A4, A6, ... : aspherical surface coefficient, 

k: conical coefficient, 

r: paraxial radius of curvature, 

45 r, d, n, vd respectively express the radius of curvature of the lens, spacing, refractive index in the reference wavelength, 
and Abbe's number. 

[0256] When the above definition is based on, by making the second order coefficient of the optical path difference 
function a value of not zero, the lens can be caused to have the power. Further, when the coefficient of other than the 
second order of the optical path difference function, for example, the 4-th order coefficient, the 6-th order coefficient, 
50 the 8-th order coefficient, the 1 0-th order coefficient, etc., are made values of not zero, the spherical aberration can be 
controlled. Incidentally, [to control] means that the spherical aberration possessed by a portion having the refractive 
power is corrected by generating the reverse spherical aberration, or the spherical aberration of the whole is made to 
a desired value. 

[0257] Fig. 1 is a outline structural view of the optical pick-up apparatus according to the present invention. In Fig. 
55 1 , the optical pick-up apparatus has the first light source 11 to conduct the recording and/or reproducing for the first 
optical information recording medium (optical disk, for example, CD), and the second light source 1 2 whose wavelength 
is different from that of the first light source 1 1 , to conduct the recording and/or reproducing for the second optical 
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information recording medium, and has coupling lenses 21 , 22 to convert the divergence angles of the divergence light 
flux emitted from respective light sources to the desired divergence angles, a beam splitter 62, which is an optical 
composition means, to compose the light flux so that the light flux advances to almost one direction, an objective lens 
3 to converge the light flux from the beam splitter 62 onto the information recording surface 5 of the optical information 

5 recording medium, and light detectors 41 and 42 as the light receiving means for light receiving the reflected light from 
the optical information recording medium. In the drawing, numeral 8 is an aperture, numeral 9 is a cylindrical lens, 
numerals 71 and 72 are 1/4 wavelength plates, numeral 15 is a coupling lens to reduced the divergent order number 
of the divergent light flux from the light source 11, numeral 16 is a concave lens, and numeral 17 is a hologram to 
separate the reflected light flux. The objective lens 3 uses examples 1 - 3, which will be described later. 

io [0258] The first light source 11 emits the laser light of the wavelength X1 = about 635 or 650 nm, and in this case, 
the numerical aperture of the objective lens necessary for recording and/or reproducing for the optical information 
recording medium (DVD) whose transparent substrate thickness t1 is 0.6 mm is NA1 = 0.6 - 0.65. The second light 
source 12 emits the laser light of the wavelength X2 = about 780 nm, and in this case, the numerical aperture of the 
objective lens necessary for recording and/or reproducing for the optical information recording medium (CD) whose 

15 transparent substrate thickness t2 is 1 .2 mm is NA2 = 0.5. 

[0259] In order to obtain an objective lens which can cope with the information recording media whose thickness are 
different, in the high NA objective lens in the present embodiment, the role of the diffraction surface is the correction 
of the spherical aberration, and the correction of the spherical aberration is as follows. 

[0260] In the present embodiment, the position of the object point to the recording medium whose transparent sub- 
20 strate thickness is tl, is equal to the position of the object point to the recording medium whose transparent substrate 
thickness is t2, and because the parallel light both of which are collimated, are entered into, for example, the objective 
lens, the spherical aberration due to the difference of the substrate thickness is corrected by only the action of the 
diffraction surface. In the present example, the spherical aberration is decreased to the range of the numerical aperture 
NA2 necessary for the recording medium with transparent substrate thickness t2, and the spherical aberration is in- 
25 creased in the range from the numerical aperture NA1 to the numerical aperture NA2. 



(Example 1) 

[0261] Fig. 2 is a sectional view of the objective lens in Example 1 , and Fig. 3 is a view of the spherical aberration 
30 in the objective lens of Example 1 . In [Table 1 j and [Table 2], the lens data in the objective lens in Example 1 is shown. 



[Table 1] 



Example 1 


When the light source wavelength X = 655 nm, 










the focal distance f = 3.30, 












the image side numerical aperture NA = 0.65. 










When the light source wavelength X = 765 nm, 










the focal distance f = 3.32, 












the image side numerical aperture NA = 0.65 










(the predetermined numerical aperture NA = 


0.50). 










Surface No. 


R 


d1 


d2 


n1 


n2 


Object point 


do 


oo 








1 (Aspherical surface 1 . diffraction surface) 




2.162 


2.162 


1 .54094 


1.53716 


2 (Aspherical surface 2) 


-8.64906 


1.700 


1.333 






3 (Cover glass) 


oo 


0.6 


1.2 


1 .57752 


1 .57063 


4 


oo 










Suffix 1 shows, when X = 655 nm, suffix 2 shows, when X= 785 nm. 
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The border hb = 1 .65 






Coefficient of the optical 






path difference function 






(reference wavelength 655 nm) 




when h ^ hb, 


when h > hb, 


b2= 


-0.90137 x 10- 3 


b0= 


-0.0793441 


b4= 


-0.12517 x 10- 2 


b2= 


0.61855 x 10-1 


b6= 


0.54827 X 10- 4 


b4= 


-0.17852 x 10-2 


b8= 


0.76421 x 10" 4 


b6= 


0.99951 X10- 3 


b10= 


0.12314 x 10- 4 


b8= 


0.23885x10-3 






b10= 


-0.26822 X10" 4 


Aspherical surface coefficient 


The first surface 


when h ^ hb, 


when h 


>hb 


R= 


2.06662 


R= 


1 .52802 


k= 


-2.1785 


k= 


-0.91976 


A4= 


0.22441 x 10' 1 


A0= 


-0.13075 


A6= 


0.20770 x 10- 2 


A4= 


-0.48823 x 10-2 


A8= 


0.14338 x 10- 3 


A6= 


-0.64888 x 10-2 


A10= 


-0.12295 x 10-4. 


A8= 


0.20046x10-2 






A10= 


-0.15944 x 10-3 


Aspherical surface coefficient 


the second surface 


when h ^ hb, 


k= 


11.484077 






A4= 


0.23249 x 10- 1 






A6= 


-0.12244 x 10'1 






A8= 


0.68099x10-2 






A10= 


-0.22155 x 10-2 






A12= 


-0.37295 x 10-3 






A14= 


-0.25121 x 10" 4 







(Example 2) 

[0262] Fig. 4 is a sectional view of the objective lens in Example 2, and Fig. 5 is a view of the spherical aberration 
45 in the objective lens of Example 2. In (Table 3] and [Table 4], the lens data in the objective lens in Example 2 is shown. 
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Fable 3] 



15 



Example 2 


When the light source wavelength X = 655 nm, 
the focal distance f = 3.30, 
the Image side numerical aperture NA = 0.60. 

When the light source wavelength X = 785 nm, 
the focal distance f = 3.32, 
the image side numerical aperture NA = 0.60 
(the predetermined numerical aperture NA = 0.50). 


Surface No. 


R 


d1 


d2 


n1 


n2 


Object point 




oo 


oo 






1 (Aspherical surface 1 . diffraction surface) 




2.181 


2.181 


1.54094 


1 .5371 6 


12 (Aspherical surface 2) 




1.700 


1.323 






3 (Cover glass) 


oo 


0.6 


1.2 


1.57685 


1 .57063 


4 


eo 










Suffix 1 shows, when X = 655 nm, suffix 2 shows, when J 


t = 785 nm. 



25 



The border hb = 1 .65 






Coefficient of the optical 






path difference function 






(reference wavelength 655 nm) 




when h ^ hb, 


when h 


> hb, 


b2= 


-0.77691 x 10-3 


b0= 


-0.0925447 


b4= 


-0.16290 x 10- 2 


b2= 


0.70909 x 10- 1 


b6= 


0.39401 x10- 3 


b4= 


-0.18427 x 10*2 


b8= 


-0.20267 x 10- 3 


b6= 


0.52259 x 10-3 


b10= 


0.28756x10-* 


b8= 


0.21840 x 10-3 






b10= 


-0.49381 x 10-* 


Aspherical surface coefficient 


The first surface 


when h ^ hb, 


when h 


>hb 


R= 


2.08327 


R= 


1.43101 


k= 


-2.4485 


k= 


-0.95641 


A4= 


0.24419x10-1 


A0= 


-0.16212 


A6= 


-0.24902 x 10- 2 


A4= 


-0.85090 x 10-2 


A8= 


0.14857 x 10-3 


A6= 


-0.69174 x 10-2 


A10= 


0.24122x10-5 


A8= 


0.19751 X10-2 






A10= 


-0.14154 x 10-3 


Aspherical surface coefficient 


the second surface 


when h ^ hb, 






k= 


12.82817 






A4= 


0.22016 x 10-1 






A6= 


-0.10662 x 10* 1 






A8= 


0.61 056 x 10-2 
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(continued) 



Aspherica! surface coefficient 


the second surface 


when h ^ hb, 






A10= 
A12= 


-0.221B0X 10-2 
-0.42245 x 10" 3 







10 



[0263] Fig. 6 is a sectional view of the objective lens in Example 3, and Fig. 7 is a view of the spherical aberration 
in the objective lens of Example 3, Fig. 7(a) is an aberration view in the information recording/reproducing condition 
of the DVD, and Fig. 7(b) is an aberration view in the information recording/reproducing condition of the CD. In [Table 
5] and [Table 6], the lens data in the objective lens in Example 3 is shown. 

[Table 5] 



20 



25 



30 



35 



40 



50 



55 



Example 3 



When the light source wavelength X = 650 nm, 
the focal distance f = 3.36, 
the image side numerical aperture NA= 0.63. 

When the light source wavelength X = 780 nm, 
the focal distance f = 3.38, 
the image side numerical aperture NA = 0.63 
(the predetermined numerical aperture NA = 0.50). 



Surface No. 


R 


d1 


d2 


n1 


n2 


Object point 




oo 


oo 






1 (Aspherica I surface 1 . diffraction surface) 




2.20 


2.20 


1.54113 


1.53728 


2 (Aspherical surface 2) 


-8.52459 


1.75 


1.38 






3 (Cover glass) 


oo 


0.6 


1.2 


1 .57084 


1 .57787 


4 


eo 











Suffix 1 shows, when X = 650 nm, suffix 2 shows, when X = 780 nm. 



The border hb = 1 .68 






Coefficient of the optical 






path difference function 






(reference wavelength 710 nm) 




when h ^ hb, 


when h > hb, 


b2= 


0 


b0= 


-0.1396x 10-3 


b4= 


-0.14329X10- 2 


b2= 


-0.17465 x 10-2 


b6= 


0.13442 x 10- 3 


b4= 


-0.13463 x 10- 2 


b8= 


-0.66304x10-4 


b6= 


0.32320 x 10-3 


b10= 


0.56136 x 10-5 


b8= 


-0.56666 x 10-4 






b10= 


0.34433 x 10-5 


Aspherical surface coefficient 


The first surface 


when h £ hb, 


when h > hb 


k= 


-2.5093 


k= 


-0.41071 


A4= 


0.25830 x 10-1 


A0= 


0.168 x 10-3 


A6= 


-0.29872x10-2 


A4= 


0.13119X 10-1 



48 



EP1 102 251 A2 



(continued) 



10 



15 



20 



Aspherical surface coefficient 


The first surface 


when h ^ hb, 


when h 


>hb 


A8= 


0.34107 x 10- a 


A6= 


-0.66292 x 10* 


A10= 


-0.23030x10-* 


A8= 


0.13863 x 10-2 






A10= 


-0.12236 x 10- 3 


Aspherical surface coefficient 


the second surface 


when h g hb, 






k= 


8.53682 






A4= 


0.250210 x 10- 1 






A6= 


-0.140613 X10" 1 






A8= 


0.689092 X 10" 2 






A10= 


-0.205553x10-2 






A12= 


-0.327714x10-3 






A14= 


-0.216581 x 10- 4 







25 



30 



35 



40 



[0264] In [Table 7], the data in Examples 1 , 2 and 3, which satisfy above each of conditional expressions, are col- 
lectively shown. Incidentally, in the table, for example, Pj shows the pitch in the i-th ring-shaped band. 

[Table 7] 





Example 1 


Example 2 


Example 3 


Pi+1 


80u.m (i=20) 


71u.m ($=20) 


37u.m (i=16) 


Pi 


22u,m (i=20) 


22u,m (i=20) 


. 24u.m(i=16) 


Pi+1/Pi 


3.6 


3.2 


1.5 


Whole ring band number 


35 


28 


32 


Number of ring band through which the light ray of NA 
0.60 passes 


29 


28 


28 


Spherical aberration (X rms) 








Jt1,t1, NA1 


0.000 


0.000 


0.002 


Xz, t2, NA2 


0.015 


0.015 


0.015 


X2, t2, NA1 X2, t2, NA1 


(more than 0.07) 


(more than 0.07) 


(more than 0.07) 
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[0265] As shown in Examples 1 to 3, in order to conduct the recording • reproducing of the second optical information 
recording medium, in the case where the converging optical system converges the second light flux onto the second 
information recording surface, when the spherical aberration has at least one discontinuous portion or practically dis- 
continuous portion, it can be prevented that the unnecessary light is irradiated onto the light detector, thereby, the 
detection accuracy can be increased. 

[0266] Referring to the drawings, the optical pick-up apparatus of the referred embodiment of the present invention 
will be described below. Fig. 10 is a view showing an outline structure of the objective lens and the optical pick-up 
apparatus including the objective lens of the present embodiment. 

[0267] The optical pick-up apparatus in Fig. 1 0 is structured such that, for example, in both of the CD and DVD as 
the optical information recording medium, the information is read from the information recording surface by the light 
whose wavelengths are 650 nm and 780 nm, from the first and second light sources. 

[0268] As shown in Fig. 1 0, in the optical pick-up apparatus, the first semiconductor laser 1 1 1 to emit the light of the 
wavelength 650 nm for the DVD, and the second semiconductor laser 112 to emit the light of the wavelength 780 nm 
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for the CD, are formed into a unit as the light source. A beam splitter 120 is arranged between a collimator 13 and an 
objective lens 16, and the light which is made almost parallel by the collimator 13, passes through the beam splitter 
120 and advances to the objective lens 1 6. Further, the optical path is changed by the beam splitter 120 as the optical 
path changing means such that the light flux reflected from the information recording surface 22 of the optical disk 20 

5 having the transparent substrate 21 advances to the light detector 30. The objective lens 1 6 has a flange portion 1 6a 
on its outer periphery, and by the flange portion 16a, the objective lens 16 can be easily attached to the optical pick- 
up apparatus. Further, because the flange portion 16a has the surface extending in almost perpendicular direction to 
the optical axis of the objective lens 1 6, further high accurate attachment can be easily conducted. 
[0269] When the first optical disk (DVD) is reproduced, as shown by a solid line in the drawing, the light flux emitted 

10 from the first semiconductor laser 111 passes through the collimator lens 13 and becomes the parallel light flux. Further, 
the light flux passes through the beam splitter 120, and is narrowed down by the aperture 1 7, and converged onto the 
information recording surface 22 through the transparent substrate 21 of the first optical disk 20 by the objective lens 
16. Then, the light flux modulated by the information pits and reflected on the information recording surface 22, is 
reflected again by the beam splitter 120 through the objective lens 16 and the aperture 17, and the astigmatism is 

15 given by the cylindrical iens 1 80, and through the concave lens 50, the light flux is incident on the light detector 30, 
and by using the signal outputted from the light detector 30, the read out signal of the information recorded on the first 
optical disk 20 is obtained. 

[0270] Further, the change of the light amount due to the change of the shape and the change of the position of the 
spot on the light detector 30 is detected, and the focusing detection and track detection is conducted. According to the 

20 detection, the two-dimensional actuator 150 moves the objective lens 1 6 so that the light flux from the first semicon- 
ductor laser 111 is image-formed onto the information recording surface 22 of the first optical disk 20, and moves the 
objective lens 1 6 so that the light flux from the first semiconductor laser 11 1 is image-formed onto a predetermined track. 
[0271] Next, when the second optical disk (CD) is reproduced, as shown by a broken line in the drawing, the light 
flux emitted from the second semiconductor laser 112 passes through the collimator lens 13 and becomes the parallel 

25 ijght flux. Further, the light flux passes through the beam splitter 120, and is narrowed down by the aperture 1 7, and 
converged onto the information recording surface 22 through the transparent substrate 21 of the second optical disk 
20 by the objective lens 16. Then, the light flux modulated by the information pits and reflected on the information 
recording surface 22, is reflected by the beam splitter 120 through the objective lens 16 and the aperture 17 again, 
and the astigmatism is given by the cylindrical lens 180, and through the concave lens 50, the light flux is incident on 

30 the light detector 30, and by using the signal outputted from the light detector 30, the read out signal of the information 
recorded on the second optical disk 20 is obtained. Further, the change of the light amount due to the change of the 
shape and the change of the position of the spot on the light detector 30 is detected, and the focusing detection and 
track detection is conducted. According to the detection, the two-dimensional actuator 150 moves the objective lens 
1 6 so that the light flux from the second semiconductor laser 1 1 2 is image-formed onto the information recording surface 

35 22 of the second optical disk 20, and moves the objective lens 1 6 so that the light flux from the second semiconductor 
laser 112 is image-formed onto a predetermined track. 

[0272] The objective lens 1 6 in Fig. 1 0 is a single lens provided with the diffraction pattern, and the third order spherical 
aberration component of the wave front aberration is excessive (over correction), when a portion whose numerical 
aperture on the optical disk side is not larger than NA2, in the light flux from the second semiconductor laser 1 1 2 passed 
40 through the objective lens, passes through the transparent substrate of the second optical disk, and the objective lens 
16 is designed such that, when its absolute value is WSA2 X2 rms, 0.02 X2. rms ^ WSA2 m 0.06 X2 rms, and there is 
a residual aberration in this range. Incidentally, NA1 is the necessary numerical aperture on the first optical disk side, 
and NA2 is the necessary numerical aperture on the second optical disk side. 

[0273] Further, each diffraction light generated when the light flux from the first semiconductor laser 111 and the 
*s second semiconductor laser 112 passes, is the diffraction light of the same order number other than 0 order. The image 
formation magnification M1 on the optical disk side of the objective lens 16 at the time of the reproduction of the first 
optical disk, and the image formation magnification M2 on the optical disk side of the objective lens 16 at the time of 
the reproduction of the second optical disk, are almost equal, and almost 0. Therefore, in the optical pick-up apparatus 
in Fig. 1 0, the light detector can be only 1 , and further, the first semiconductor laser 1 1 1 and the second semiconductor 
so laser 112 can be structured as an integrated part, and can be formed into a unit. 

[0274] Incidentally, in Fig. 10, although the first optical disk is the DVD (light source wavelength is 650 nm), and the 
second optical disk is the CD (light source wavelength is 780 nm), the present invention is not limited to this, but, for 
example, the first optical disk may be the next generation high density optical disk ((light source wavelength is 400 
nm), and the second optical disk may be the DVD (light source wavelength is 650 nm). 
55 [0275] Next, the above objective lens will be described. The converging optical system in the present embodiment 
is a single lens of both side aspheical surfaces, and the diffracting ring-shaped band (ring-shaped band-like diffraction 
surface) is provided as the diffraction pattern on one aspherical surface. 

[0276] That is, the refractive surface of the objective lens is formed into the aspherical surface shape expressed by 
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the following [Equation 1J. 

[Equation 1] 

hVRo 



z= 



Where, Z is an axis in the optical axis direction, h is an axis in the perpendicular direction to the optical axis (height 
from the optical axis: the advancing direction of the light is positive), RO is a paraxial radius of curvature, k is a conical 
coefficient, Ai is an aspherical coefficient, and Pi is the exponent of the aspherical surface. 

[0277] Further, generally, the pitch of the diffracting ring-shaped band is defined by using the phase difference function 
or the optical path difference function. Specifically, the phase difference function OB is expressed by the following 
[Equation 2] in the unit of radian, and the optical path difference function <Db is expressed by the following [Equation 
3] in the unit of mm. incidentally, the optical path difference function is for the first reference wavelength A.1 . 



20 r 

[Equation 2] 



25 



[Equation 3] 

30 



35 [0278] These 2 expression methods are different in the unit, but, in the meaning to express the pitch of the diffracting 
ring-shaped band, these are equal. That is, for the main wavelength X (mm unit), when the coefficient B of the phase 
difference function is multiplied by X/2n, it can be converted into the coefficient b of the optical path difference function, 
and inversely, when the coefficient b of the optical path difference function is multiplied by 2tiA, it can be converted 
into the coefficient B of the phase difference function. 

40 [0279] Next, as specific examples of the objective lens according to the present embodiment, examples 1,2,3 and 
4 will be described. Each of examples is a single lens, and each single lens has the satisfactory image formation 
performance for the first reference wavelength A.1 = 650 nm, focal distance f = 3.3 mm, numerical aperture NA1 = 0.6, 
transparent substrate thickness of the first optical disk t1 =0.6 mm, and the second reference wavelength = 780 
nm, numerical aperture NA2 = 0.45, and transparent substrate thickness of the of the second disk t2 = 1 .2 mm. Further, 

45 for the first reference wavelength A.1 of the short wavelength, and the transparent substrate thickness t1 , it is almost 
no aberration. Incidentally, the image side in the following, means the optical information recording medium side. 

[Example 4] 

so [0280] The lens data of Example 4 is shown in Table 8. Incidentally, in the following Table 8 - Table 11 , for example, 
[2.2E - 02] means [2.2 x 10* 2 ]. 
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1=3.30 NA=0.60 
Reference wavelength 1 : X=650nm 
Reference wavelength 2: 780nm 


5 


i 


ri 


d1i 


d2i 


material 




. 1 


oo 


oo 


oo 






2 


2.129441 


2.2 


2.2 


Olefinic resin 




3 


-7.926982 


1.710 


1.346 




10 


4 


oo 


0.6 


1.2 


PC 








Aspherical surface data 


15 


The second surface aspherical surface coefficient 




k= 


-6.40761 06E-01 










A1= 


8.7771931 E-04 


P1 




4.0 


20 


A2= 


-1.1822482E-04 


P2 




6.0 




A3= 


8.74541 45E-05 


P3 




8.0 




A4= 


-2.8067977E-05 


P4 




10.0 


25 
















Optical path difference function 


30 


B2= 


O.0OOOOO0E+00 








B4= 
B6= 
B8= 


-6.32491 97E-04 
-3.981 1935E-05 
-3.1571369E-06 








35 
















The third surface aspherical surface coefficient 


40 


k= 


-2.0640628E+01 








A1 = 


1.1494445E-02 


P1 




.4.0 




A2= 


-3.14288B9E-03 


P2 




6.0 




A3= 


2.1271773E-04 


P3 




8.0 


45 


A4= 


9.1906090E-06 


P4 




10.0 



[0281] Fig. 1 1 is a spherical aberration view of the lens in Example 4 at the first reference wavelength X1 = 650 nm, 
and the transparent substrate thickness t1 = 0.6 mm, and Fig. 12 is an optical path view of the lens in Example 4 in 
this case. It is clear from Fig. 11 that the spherical aberration is sufficiently corrected at the first reference wavelength 
M . In the same manner, Fig. 13 is a spherical aberration view of the lens in Example 4 at the second reference wave- 
length XZ = 780 nm, and the transparent substrate thickness tl = 1 .2 mm, and Fig. 1 4 is an optical path view of the lens 
in Example 4 in this case. As can be clear from Fig. 13, the spherical aberration remains at the second reference 
wavelength X2, however, as compared to the spherical aberration in which the spherical aberration due to the difference 
in the thickness of the transparent substrate generated in the ordinary refraction lens is added by the chromatic spherical 
aberration generated due to the difference in the wavelength, the correction is made to some order number by the 
diffraction effect by the diffracting ring-shaped band. 

[0282] In this lens, In Fig. 1 0, when the ring-shaped band dichroic filter, not shown, is arranged perpendicularly to 
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the optical axis between the aperture 17 and the objective lens 16, it is preferable that, by reflecting the light flux not 
smaller than the numerical aperture NA3 on the image side in the light flux from the second light source emitting the 
light of the second reference wavelength X^, the light flux is made not to reach the information recording surface 22. 
It is preferable that the light flux is made not to reach the information recording surface 22, by the shielding means like 
the shielding portion 1 0. 

[Example 5] 

[0263] The lens data of Example 5 is shown in Table 9. 
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f=3.30 NA=0.60 
Reference wavelength 1 : X^650nm 
Reference wavelength 2: 780nm 


i 


ri 


d1i 


d2i 


material 


1 




oo 


oo 




2 


2.129441 


2.2 


2.2 


Olefinic resin 


3 


-7.926982 


1.710 


1.346 




4 


oo 


0.6 


1.2 


PC 




Aspherical surface data 


The second surface aspherical surface coefficient 


k= 


-6.40761 06E-01 " 








A1 = 


8.7771931 E-04 


P1 




4.0 


A2= 


-1.1822482E-04 


P2 




6.0 


A3= 


8.74541 45E-05 


P3 




8.0 


A4= 


-2.8067977E-05 


P4 




10.0 


Optical path difference function 


B2= 


O.OOOOOOOE+OO 








B4= 


-6.32491 97E-04 








B6= 


-3.9811 935E-05 








B8= 


-3.1571 369E-06 








The third surface aspherical surface coefficient 


k= 


-2.0640628E+01 








A1 = 


1.U94445E-02 


P1 




4.0 


A2= 


-3.1428889E-03 


P2 




6.0 


A3= 


2.1271773E-04 


P3 




8.0 


A4= 


9.1906090E-06 


P4 




10.0 



[0284] Fig. 1 5 is a spherical aberration view of the lens in Example 5 at the first reference wavelength X1 = 650 nm, 
and the transparent substrate thickness t1 = 0.6 mm, and Fig. 16 is an optical path view of the lens in Example 5 in 
this case. It is clear from Fig: 15 that the spherical aberration is sufficiently corrected at the first reference wavelength 
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X1 . Fig. 1 7 is a spherical aberration view of the lens in Example 5 at the second reference wavelength X2 = 780 nm, 
and the transparent substrate thickness t1 = 1 .2 mm. As can be clear from Fig. 17, the spherical aberration remains 
at the second reference wavelength X^, however, in the same manner as in Example 4, the correction is made to some 
order number by the diffraction effect. Further, as shown in Fig. 1 6, when a ring-shaped band-like shielding portion 1 0 
5 is provided on the lens surface, the necessary image formation performance can be obtained. This shielding portion 
1 0 can be structured by forming a ring-shaped band-like cutout portion or a ring-shaped band dichroic filter on the lens 
surface. Incidentally, the shielding portion 10 has a smaller influence on the image formation performance of the light 
of the first reference wavelength X1 . 

10 [Example 6] 



[0285] The lens data of Example 6 is shown in Table 9. 



15 


f=3.30 NA=0.60 
Reference wavelength 1 : A^650nm 
Reference wavelength 2: 780nm 




i 


ri 


d1i 


d2i 


material 




1 




oo 


oo 




20 


2 


2.129441 


2.2 


2.2 


Olefinic resin 




3 


-7.926982 


1.710 


1.346 






4 


oo 


0.6 


1.2 


PC 


25 






Aspherical surface data 




The second surface aspherical surface coefficient 


30 


k= 


-5.90367060E-01 










A1 = 


5.73492480E-04 


P1 




4.0 




A2= 


-5.038301 OOE-04 


P2 




6.0 


35 


A3= 


1.52560680E-05 


P3 




8.0 




A4= 


-2.48642350E-05 


P4 




10.0 




Optical path difference function 


40 
















B2= 


O.000OOOE+O0 










B4== 


-4.4383698E-04 








45 


n it 

CO 00 
CO CO 


-2.2720694E-05 
4.2690709E-06 










The third surface aspherical surface coefficient 


50 
















K= 


-2.0640628 E+01 










A1 = 


1.14944450E-02 


P1 




4.0 


55 


A2= 


-3.14288890E-03 


P2 




6.0 




A3= 


2.12717730E-04 


P3 




8.0 




A4= * 


9.19060900E-06 


P4- 




10.0 
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[0286] Fig. 1 8 is a spherical aberration view of the lens in Example 6 at the first reference wavelength X1 = 650 nm, 
and the transparent substrate thickness t1 = 0.6 mm, and Fig. 19 is an optical path view of the lens in Example 6 in 
this case. It is clear from Fig. 19 that the spherical aberration is sufficiently corrected at the first reference wavelength 
X1 . Fig. 20 is a spherical aberration view of the lens in Example 6 at the second reference wavelength A2 = 760 nm, 

5 and the transparent substrate thickness t1 = 1 .2 mm. As can be clear from Fig. 20, in Example 6, in order to obtain 
the necessary image formation performance at the second reference wavelength X2, the spherical aberration is made 
excessive (over correction) at a large numerical aperture portion (not smaller than NA 0.45). 
[0287] Further, it is preferable that beam spot is formed on the information recording surface 22 by the light flux of 
a portion almost lower than the numerical aperture on the image side of NA2, and a portion almost larger than the 

io numerical aperture of NA2 is made the flare light. 

[Example 7] 
) 

[0288] The lens data of Example 7 is shown in Table 11 . 

15 





f= 


3.36 NA=0.60 












Reference wavelength 1 : X=650nm Reference wavelength 2: 780nm 




i 


ri 


dll 


d2i 


material 


20 


1 


oo 


oo 


oo 






2 


2.129441 


2.2 


2.2 


Olefinic resin 




3 


-7.926982 


1.710 


1.346 




25 


4 


oo 


0.6 


1.2 


PC 






Aspherical surface data 




The second surface 


30 


the first divided surface and the third divided surface (0^H^1.512, HS1 .628) 




Aspherical surface coefficient 


Optical path difference function 




K= 


-5.9036706E-01 












A1 = 


5.7349248E-02 


P1 


4.0 


B2= 


O.0OO0000E+00 


35 


A2= 


-5.038301 0E-04 


P2 


6.0 


B4= 


-4.4383698E-04 




A3= 


1 .5256068E-04 


P3 


8.0 


B6= 


-2.2720694E-04 




A4= 


-2.4864235E-05 


P4 


10.0 


B8= 


4.2690709E-05 


40 


The second divided surface (1.512^1.628) 




Aspherical surface coefficient 


Optical path difference function 




K= 


-6.69900E-01 












A1 = 


9.05960E-04 


P1 


4.0 


B2 




45 


A2= 


-1.17000E-04 


P2 


6.0 


B4= 


-8.21920E-04 




A3= 


B.12510E-05 


P3 


8.0 


B6= 


-5.26490E-04 




A4= 


-2.71720E-05 


P4 


10.0 


B8= 


-3.75320E-06 


50 


The third surface 




Aspherical surface coefficient 






-2.06406280E+01 












A1 = 


1.14944450E-02 


P1 


4.0 






55 


A2= 


-3.14288890E-03 


P2 


6.0 








A3= 


2.12717730E-04 


P3 


8.0 








A4= 


9.19060900E-05 


P4 


10.0 
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[0289] Fig. 21 is a spherical aberration view of the lens in Example 6 at the first reference wavelength X1 = 650 nm, 
and the transparent substrate thickness t1 = 0.6 mm, and Fig. 22 is an optical path view of the lens in Example 7 in 
this case. It is clear from Fig. 21 that the spherical aberration is sufficiently corrected at the first reference wavelength 
X1 . Fig. 23 is a spherical aberration view of the lens in Example 6 at the second reference wavelength A2 = 780 nm, 
and the transparent substrate thickness t1 = 1 .2 mm. As can be seen from Fig. 23, in the same manner as in Example 
6, in Example 7, in order to obtain the necessary image formation performance at the second reference wavelength 
X2, the spherical aberration is made excessive (over correction) at a large numerical aperture portion, in the present 
Example 7, further, one surface of the lens is divided into 3, and the first light flux, second light flux, and third light flux 
are obtained, and as shown in Fig. 23, by providing the discontinuous portion of the spherical aberration at the second 
reference wavelength X2, more excellent image formation performance than in Example 6 is obtained. 
[0290] Further, the converging position of a portion farthest from the optical axis in the first light flux, does not coincide 
with the converging position of the second light flux, and the residual aberration can be decreased. 
[0291] Incidentally, in the present Example, the first divided surface and the third divided surface have the same 
surface shape data, but, these may not be the same. 

[0292] Further, olefinic resin is used for the lens material of each Example, and polycarbonate resin (PC) is used for 
the transparent substrate, and the refractive index of each material is shown in Table 1 2 for each reference wavelength. 



Table 12 



20 



25 



30 



Refractive index 






Wavelength 


780 nm 


650 nm 


PC 


1 .57084 


1 .57787 


Olefinic resin 


1 .54728 


1.55113 



p 

[0293] Next, a plurality of ring-shaped bands provided on each lens in the above Examples will be described. A 
Plurality of ring-shaped bands are almost concentrically formed on the lens surface around the optical axis, an example 
of the pitch PH of the ring-shaped band corresponding to the maximum numerical aperture on the image side of the 
lens, and the pitch PH corresponding to the numerical aperture of the 1/2 of the maximum numerical aperture, will be 
shown together with a comparative example in the case of no residual aberration. 



(Example) 
[0294] 



The first ring-shaped band 


! 990.7 u.m 


Minimum pitch 


| 22.0 u,m 


PH 


i 990.7 Lim 
-i _ — 


PF 


| 22.0 pjn 


Number of ring-shaped bands 


| 20 


The first ring-shaped band 


| 850.2 nm 


Minimum pitch 


| 11.5 UJT1 


PH 


| 55.6 u/n 


PF 


| 11.5 ujn 


Number of ring-shaped bands 


| 38 



[0295] As described above, in the present Example, although the spherical aberration remains for the second refer- 
ence wavelength X2 (650 nm), because the number of ring-shaped bands can be reduced as compared to the lens of 
the comparative example of no residual aberration, the diffraction pattern of the lens can be easily formed, and the 
production cost of the lens can be reduced. 

[0296] Further, when the diffracting ring-shaped band is provided on the whole effective diameter surface of the lens 
surface, the height HX from the optical axis of the peripheral edge of the diffracting ring-shaped band and the height 
HMAX of the ring-shaped band of the most outer periphery, preferably satisfy the following conditional expression. 
0.15 iHX/HMAXs 0.65 

[0297] Generally, the pitch of the diffracting ring-shaped band (position of each ring-shaped band) is defined by the 
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optical path difference function, which will be detailed in the later Example. Specifically, the diffraction surface is ex- 
pressed by the optical path difference function <D(h), and the optical path difference function expresses the optical path 
difference added by the diffraction surface to the primary diffraction light of the reference wavelength. The diffracting 
ring-shaped band is provided every time when the optical path difference function is changed by mX (m is diffraction 
order number). 



[0298] Where, h: distance from the optical axis, b2, b4, b6, coefficients of the optical path difference function. 
[0299] When the above definition is based on, when the second order coefficient of the optical path difference function 
is a value except 0, the power can be given to the lens. Further, when the coefficient except the second order term of 
the optical path difference function, for example, 4-th order coefficient, 6-th order coefficient, 8-th order coefficient, 
10-th order coefficient, etc., are values except 0, the spherical aberration can be controlled. Incidentally, herein, [to 
control] means that the spherical aberration owned by a portion having the refractive power is corrected by generating 
the reverse spherical aberration, or the whole spherical aberration is made a desired value. 

[0300] Fig. 24 is a outline structural view of the optical pick-up apparatus according to the present embodiment. In 
Fig. 24, the optica! pick-up apparatus has the first light source 11 to conduct the recording and/or reproducing for the 
first optical information recording medium (optical disk), and the second light source 12 whose wavelength is different 
from that of the first light source 1 1 , to conduct the recording and/or reproducing for the second optical information 
recording medium (optical disk), and has coupling lenses 21 , 22 to convert the divergence angles of the divergence 
light flux emitted from respective light sources to the desired divergence angles, a beam splitter 62, which is an optical 
composition means, to compose the light flux so that the light flux advances to almost one direction, an objective lens 
optical system 3 to converge the light flux from the beam splitter 62 onto the information recording surface 5 of the 
optical information recording medium, and light detectors 41 and 42 for iight receiving the reflected light from the optical 
information recording medium. In the drawing, numeral 8 is a aperture, numeral 9 is a cylindrical lens, numerals 71 
and 72 are 1/4 wavelength plates, numeral 15 is a coupling lens to reduced the divergent order number of the divergent 
light flux from the tight source 1 1 , numeral 1 6 is a concave lens, and numeral 1 7 is a hologram to separate the reflected 
light flux. 

[0301] The first light source 11 emits the laser light of the wavelength = about 400 nm, and In this case, the 
numerical aperture of the objective lens necessary for recording and/or reproducing for the recording medium whose 
transparent substrate thickness t1 is 0.1 mm, is NA1 = 0.85. The second light source 12 emits the laser light of the 
wavelength = about 650 nm, and in this case, the numerical aperture of the objective lens necessary for recording 
and/or reproducing for the recording medium whose transparent substrate thickness t2 is 0.6 mm, is NA2 = 0.65. 
[0302] In order to obtain an objective lens which can cope with the information recording media whose thickness are 
different, in the 2 component high NA objective lens in the present embodiment, the role of the diffraction surface is 
the correction of the spherical aberration, and for the correction of the spherical aberration, there are following cases. 
[0303] [1] The case where the position of the object point to the recording medium whose transparent substrate 
thickness is t1 , is equal to the position of the object point to the recording medium whose transparent substrate thickness 
is t2, for example, the case where, in both cases, collimated parallel light is incident on the objective lens. 
[0304] In this case, the spherical aberration due to the difference of the substrate thickness is corrected by the action 
of only the diffraction surface. For the recording medium whose transparent substrate thickness t2, there are (A) a 
case where the spherical aberration is reduced to the numerical aperture NA1 necessary for the recording medium 
whose transparent substrate thickness t1, and a case where the spherical aberration is reduced to the range of the 
numerical aperture NA2 necessary for the recording medium whose transparent substrate thickness t2, and the spher- 
ical aberration is increased in the range from the numerical aperture NA1 to the numerical aperture NA2. In the case 
of (A), a small spot can be obtained for the larger side numerical aperture NA1 for each recording medium. In the case 
of (B), it can be prevented that, for the recording medium of thickness t2, the spot is too narrowed down to the size 
smaller than necessary spot size corresponding to the numerical aperture NA2. 

[0305] [2] The case where the position of the object point to the recording medium whose transparent substrate 
thickness t1 is different from the position of the object point to the recording medium whose transparent substrate 
thickness t2, that is, the case where the parallel light is incident on the objective lens for the recording medium whose 
transparent substrate thickness t1 , and the divergent light is incident on the objective lens for the recording medium 
whose transparent substrate thickness t2. 

[0306] In this case, the spherical aberration due to the difference in the substrate thickness can be corrected to some 
order number by the difference of the position of the object point. However, it is difficult to control the spherical aberration 
into the arbitrary shape in the same manner as in (A) and (B) in the case [1], and the diffraction surface becomes 



O(h) = b2 • h 2 + b4 * h 4 + b6 * h 6 + ... 



(17) 
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necessary for that. By the difference of the object point and the action of the diffraction surface, the spherical aberration 
can be more accurately corrected, and the shape of the diffraction surface can be controlled so that it can be easily 
produced. 

[0307] Accordingly, as described above, in the objective lens, it is preferable that the following conditional expression 
s is satisfied. 

0.4 s |(Ph/Pf) - 2| s 25 (5) 

10 Where, Pf; the pitch of the diffracting ring-shaped band in the image side numerical aperture NA1 necessary for con- 
ducting the recording or reproducing onto the information recording medium with the transparent substrate thickness 
t1 , Ph: the pitch of the diffracting ring-shaped band in the numerical aperture of 1/2 of NA1. 

[0308] The conditional expression (5)relates to a pitch of the diffracting ring-shaped band, that is, to an interval 
between ring-shaped bands in the perpendicular direction to the optical axis. When the optical path difference function 

15 has only the square term of h, (Ph/Pf)- 2 = 0, however, in the present invention, in order to satisfactorily correct the 
difference of the spherical aberration generated due to the difference between two substrate thickness by using the 
diffraction, it is preferable to use the higher degree term of the optical path difference function, and in this case, it is 
preferable that the term (Ph/Pf) -2 has a value separated from 0 to some extent. When the value goes to lower than 
the lower limit in the expression (5), the action of the diffraction to correct the higher degree of spherical aberration is 

20 decreased, and it becomes difficult to correct the difference of the spherical aberration between 2 wavelengths gen- 
erated due to the difference of the substrate thickness by the action of the diffraction. When the value goes over the 
upper limit in the expression (5), a portion at which the pitch of the diffracting ring-shaped band becomes too small is 
generated, and it is difficult to produce the lens having the high diffraction efficiency. 
[0309] Incidentally, when the objective lens satisfies the following conditional expression, it is preferable. 

25 

0.8 ^ |(Ph/Pf) - 2| ^ 6.0 (6) 
[0310] Further, it is more preferable when the objective lens satisfies the following conditional expression. 

30 

1.2 ^ |(Ph/Pf)-2| £ 2,0 (7) 
[0311] Further, it is more preferable when the objective lens satisfies the following conditional expressions. 

35 

0.70 ^ d1/f ^ 1 .70 (8) 



0.60 m M/(n1 -f) ^ 1.10 (9) 



0.3 ^ (r2+ M)(r2-r1) s 2.0 (10) 

45 Where, d1 : the lens thickness on the axis of the first lens, f: focal distance, ri: the paraxial radius of curvature of each 
surface, n1: the refractive index of the first lens. 

[031 2] The expression (8) relates to the thickness of the center of the first lens, and when the value goes lower than 
the lower limit, the image height characteristic is lowered. On the one hand, when the value goes over the upper limit, 
the lens becomes a thick wall and the size of the pick-up increases. The expression (9) relates to the radius of curvature 

so of the first lens, and when the value goes lower than the lower limit and r1 becomes small, the shift sensitivity or the 
tilt sensitivity of the first lens is increased. On the one hand, when the value goes over the upper limit and r1 is increased, 
the power burden of the second lens is increased, and the error sensitivity to the lens thickness of the second lens is 
increased. The expression (10) relates to the shape of the first lens, and when the value goes lower than the lower 
limit and its shape becomes near to the double convex symmetrical shape, the correction of the spherical aberration 

55 is difficult. On the one hand, when the value goes over the upper limit and the degree of the meniscus is increased, 
the aberration deterioration due to the dislocation of the axis between the first surface and the second surface of the 
first lens is large. 

[0313] Incidentally, it Is more preferable when the objective lens satisfies the following conditional expressions. 
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1.00 sdi/rs 1.40 (11) 

5 0.70 £ r1/(n1 • 0 ^ 0.90 (12) 

0.4^(r2 + r1)/(r2-r1)^ 1.4 (13) 

10 [0314] Examples 8 to 1 2 of the present invention are shown below. Incidentally, in each Example, X 1 = 400 nm, 
= 650 nm, t1 = 0.1 mm, t2 = 0.6 mm, NA1 = 0.85, and NA2 = 0.65. 

[031 5] Each lens constituting the optica! system for the optical pick-up of Examples 8 to 1 2 has the aspherical surface 
shape expressed by the following expression on the optical surface. 



15 



X = (h 2 /r 2 )/(1 + V*(1 - (1 + K)hV)) +A 2 h Z + A 4 h 4 + A 6 h 6 + (19) 



Where, 



20 A4, Ag, ... aspherical surface coefficient, 

k: conical coefficient, 

r: paraxial radius of curvature, 

d: spacing 

n: refractive index in the reference wavelength, and 

25 v d : Abbe's number. 

[0316] Table 13 is a table in which conditional values of each example are put together. 
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[Table 13] 



ex 


1 


2 


3 


4 


5 


Position of 












object point 


CO 


CO 


CO 


CO 


CO 


(400 nm) 












(650 nm) 


CO 


CO 


CO 


Finite 


Finite 


Correction of 
spherical 


Flaring 


Perfect Perfect Perfect 
correction correction correction 


Flaring 


aberration 












f (400nm) 


2.01 


1.92 


2.35 


2.35 


2.34 


hf 


1.732 


1.622 


2.024 


2.024 


1.988 


hh 


0.866 


0.811 


1.012 


1.012 


0.994 


NA(400 nm) 


0.85 


0.83 


0.85 


0.85 


0.85 


(650 nm) 


0.83 


0.82 


0.83 


0.88 


0.86 



Spherical aberration (X 




013 


0 


.012 


0 


.006 


0. 


005 


0. 


009 


rms) X=400 Maximum NA 






















Spherical aberration (A. 


0 


.35 


0 


.005 


0 


.001 


0. 


005 


0 


.64 


rms) X=650 Maximum NA 






















NA=0. 65 


0. 


002 














0. 


003 



Pf 


0 


026 


0.023 


0.0036 


0 


.0067 


0 


.010 


Ph 


0 


019 


0.011 


0 .089 


0 


.027 


0 


.028 


1 Ph/Pf-2 1 


1 


3 


1.5 


23 


2 


.0 


0 


.8 



dl 


2.5 


2.5 


3.12 


2.48 


2.49 


rl 


2.137 


2.036 


2.545 


2.685 


2.532 


r2 


43.42 


•14.86 


30.18 


18.34 


17.67 


nl 


1.508 


1.508 


1.508 


1.508 


1.508 



(r2+rl)/(r2-rl) 


1.10 


0 


.76 


1.18 


1.34 


1.33 


dl/f 


1.24 


1 


.30 


1.33 


1.06 


1.06 


* rl/(nl-f)) 


0.71 


0 


.70 


0.72 


0.76 


0.72 



[0317] Table 1 4 is the fens data according to the objective iens of Example 8, and Table 1 5 is the aspherical surface 
data according to the objective lens of Example 8. Fig. 25(a)is an optical path view in the case where the light flux 
whose light source wavelength is 400 nm is incident on the objective lens of Example 8, and Fig. 25(b) is an optical 
path view in the case where the light flux whose light source wavelength is 650 nm is incident on the objective lens of 
Example 8. Fig. 26(a)is a spherical aberration view in the case where the light flux whose light source wavelength is 
in the vicinity of 400 nm is incident on the objective lens of Example 8, and Fig. 26(b) is a spherical aberration view in 
the case where the light flux whose light source wavelength is in the vicinity of 650 nm is incident on the objective lens 
of Example 8. 
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[Table 14] 



Surface No. 




R 


D 


n 

(X =400 nm) 


n 

{X =650 
nm) 


Light source 




CO 


do 






Aperture 




oo 


0.0 






1 (Aspherical 












surface 1 
diffraction 


2 


. 1368 


2 . 500 


1 . 50767 


1 49529 


surface 1} 












2 (Aspherical 
surface 2) 


43 


.4232 


0.100 






3 (Aspherical 
surface 3) 


1 


.3659 


1.350 


1.60039 


1.58037 


i 4 


-7 


.3743 


d4 






5 Cover glass 




oo 


d5 


1.62158 


1.57756 


6 Cover glass 




oo 


0.00 






Image surface 















When X =400 nm 


When X =650 nm 


f 


2.01 


2.06 


NA 


0.85 


0.83 


dO 


oo 


CO 


d4 


0.401 


0.200 


d5 


0.10 


0.60 



[Table 15] 



Aspherical surface /diffraction surface coefficient 


Aspherical surface 1 


K= 


0.0 


A4= 


-1.8391 x 10- 3 


Ae= 


-5.3123x10*3 




1.2959x10-3 


A 10= 


-4.8366 x 10- 4 


Aspherical surface 2 


K= 


0.0 


A4= 


9.9905x10-2 


Ae= 


-3.6972 x 10- 2 


A 8 = 


-1.0407x10-2 


A 10 = 


5.1889X10- 3 



61 




EP1 102 251 A2 



(Table 15] (continued) 



5 



20 



Aspherical surface /diffraction surface coefficient 


Diffraction surface 1 


02= 


1.4999 x 10- 2 


b 4 = 


-2.0834 x10" 3 


<>6= 


8.1239 X 10" 4 


"e= 


-4.9012 x 10" 4 


b,o= 


5.8249 x 10-5 


Aspherical surface 3 


K= 


0.0 


A 4 = 


2.6769 x 10-2 


A € = 


4.8247x10-2 


A 8 = 


-7.9311x10-2 


A 10= 


1.3345x10-2 



[0318] Table 1 6 is the lens data according to the objective lens of Example 9, and Table 1 7 is the aspherical surface 
data according to the objective lens of Example 9. Fig. 27(a)is an optical path view in the case where the light flux 
whose light source wavelength is 400 nm is incident on the objective lens of Example 9, and Fig. 27(b) is an optical 
path view in the case where the light flux whose light source wavelength is 650 nm is incident on the objective lens of 
Example 9. Fig. 28(a)is a spherical aberration view in the case where the light flux whose light source wavelength is 
in the vicinity of 400 nm is incident on the objective lens of Example 9, and Fig. 28(b) is a spherical aberration view in 
the case where the light flux whose light source wavelength is in the vicinity of 650 nm is incident on the objective lens 
of Example 9. 
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[Table 16] 



Surface No. 


R 


D 


n 

{X =400 nm) 


n 

{X =650 
ran; 


T.*i nVit* Qftnrrp 


oo 


An 

uo 






Aperture 


CO 


0 . 0 






1 (Aspherical 










surface 1 
diffraction 


2.0363 


2.5000 


1.50767 


1.49529 


surface 1) 










2 (Aspherical 
surface 2) 


-14.8624 


0.1000 






3 (Aspherical 
surface 3) 


1.3492 


1.3500 


1.60039 


1.58037 


4 


-12.0423 


d4 






5 Cover glass 


oo 


d5 


1.62158 


1.57756 


6 Cover glass 


oo 


0.00 






Image surface 













When X =400 nm 


When X =650 nm 


f 


1.92 


1.98 


NA 


0.83 


0.82 


d0 


00 


oo 


d4 


0.358 


0.200 


d5 


0.10 


0.60 



[Table 17] 



Aspherical surface /diffraction surface coefficient 


Aspherical surface 1 


K= 


0.0 


A 4 = 


-1.1046X 10* 2 


Ae= 


-4.1053 x 10' 3 


A8= 


9.8081 x 10- 4 


A 10= 


-6.7767 x 10" 4 


Aspherical surface 2 


K= 


0.0 


A 4 = 


3.0270 x 10-2 


Ae= 


-1.2017x10-2 


A 8 = 


-4.1606 x 10-3 


A 10 = 


1.7831 x10'3 



63 



EP1 102 251 A2 



[Table 17] (continued) 



Asp h erica! surface /diffraction surface coefficient 


Diffraction surface 1 


02= 


2.5620 x10* 2 


b 4 = 


-2.2713 X 10' 3 


bs= 


8.5691 X 10* 4 




-2.4725 X10" 4 


b 10= 


-3.4787x10-5 


Asp herical surface 3 


K= 


0.0 


A 4 = 


-5.7028X10- 3 


Ae= 


1.2791 X10-2 




-1.5440x10-2 


A 10= 


-7.1393x10-3 



[0319] Table 1 8 is the lens data according to the objective lens of Example 1 0, and Table 1 9 is the aspherical surface 
data according to the objective lens of Example 10. Fig. 29(a)is an optical path view in the case where the light flux 
whose light source wavelength is 400 nm is incident on the objective lens of Example 10, and Fig. 29(b) is an optical 
path view in the case where the light flux whose light source wavelength is 650 nm is incident on the objective lens of 
Example 10. Fig. 30(a)is a spherical aberration view in the case where the light flux whose light source wavelength is 
in the vicinity of 400 nm is incident on the objective lens of Example 10, and Fig. 30(b) is a spherical aberration view 
in the case where the light flux whose light source wavelength is in the vicinity of 650 nm is incident on the objective 
lens of Example 10. 
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[Table 18] 


Surface No. 


R ° (X =400 nm) < X ="° 

nm) 


Light source 
Aperture 

1 (Aspherical 
surface 1 
diffraction 
surface 1) 

2 (Aspherical 
surface 2) 

3 (Aspherical 
surface 3) 

4 

5 Cover glass 

6 Cover glass 
Image surface 


oo do 
oo 0.0 

2.5445 3.121 1.50767 1 49529 

30.1804 0.1000 

1.3476 1.222 1.60039 1.58037 

7.7991 d4 
oo d5 1.62158 1.57756 
oo 0.00 





When \ =400 nm 


When X =650 nm 


f 


2.35 


2.41 


NA 


0.85 


0.83 


dO 


oo 


oo 


d4 


0.478 


0.200 


d5 


0.10 


0.60 



(Table 19] 



Aspherical surface /diffraction surface coefficient 


Aspherical surface 1 


Aspherical surface 4 


K= 


0.0 


K= 


0.0 


A 4 = 


-4.0233 x 10" 4 


A 4 = 


-4.7382 x 10* 2 


Ae= 


-4.0368 x 10- 3 


As= 


-6.3116X10- 2 


As= 


9.8676 x 10* 4 


Ae= 


1.5718x10-1 


A 10 = 


-1.7886X 10- 4 


A 10= 


-6.6075x10-2 


Aspherical surface 2 


K= 


0.0 








8.4214x10-2 






Ae= 


-5.8551 X 10- 2 








1.4917x10-2 






A 10 = 


-1.3672X10- 3 
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[Table 19] (continued) 



Aspherical surface /diffraction surface coefficient 


Diffraction surface 1 


b2= 


0.0 






b 4 = 


-8.1431 x tO- 4 






be= 


-3.5697 x 10" 4 








8.5236x10-5 






bio= 


-1 .8259 X 10-5 






Aspherical surface 3 


K= 


0.0 






A4= 


-2.8036X10- 2 






Ae= 


3.5282X10- 2 






As= 


-6.4449 X 10-2 






Aio= 


1.3535 x 10-2 







30 



[0320] Table 20 is the lens data according to the objective lens of Example 1 1 , and Table 21 is the aspherical surface 
data according to the objective lens of Example 11 . Fig. 31 (a)is an optical path view in the case where the light flux 
whose light source wavelength is 400 nm is incident on the objective lens of Example 11 , and Fig. 31(b) is an optical 
path view in the case where the light flux whose light source wavelength is 650 nm is incident on the objective lens of 
Example 11 . Fig. 32(a)is a spherical aberration view in the case where the light flux whose light source wavelength is 
in the vicinity of 400 nm is incident on the objective lens of Example 11 , and Fig. 32(b) is a spherical aberration view 
in the case where the light flux whose light source wavelength is in the vicinity of 650 nm is incident on the objective 
lens of Example 11. 
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[Table 20] 



Surface No . 


R 


D 


n 

(X =400 nm) 


n 

[X =650 








nm) 


Light source 


CO 


do 






Aperture 


CO 


0.0 






1 (Aspherical 










surface 1 
diffraction 


2 . 6851 


2 .477 


1 . 50767 


1 49529 


surface 1) 










2 (Aspherical 


18.3367 


1.150 






surface 2) 








3 (Aspherical 
surface 3 ) 


1.1229 


1.124 


1.60039 


1.58037 


4 


48.5371 


d4 






5 Cover glass 


CO 


d5 


1.62158 


1.57756 


6 Cover glass 


CO 


• 0.00 






Image surface 













When X =400 nm 


When X =650 nm 


f 


2.35 


2.42 


NA 


0.85 


0.88 


d0 


CO 


22.579 


d4 


0.293 


0.201 


d5 


0.10 


0.60 



[Table 21] 



Aspherical surface /diffraction surface coefficient 


Aspherical surface 1 


Aspherical surface 2 


K= 


0.0 


K= 


0.0 


A 4 = 


6.2324 x 10-3 


A 4 = 


6.0944 x 10-2 


A e = 


-2.7358 x 10- 3 


V= 


-3.1 980 x 10" 2 


As= 


4.9835 x 10" 4 


As= 


6.3385 x 10-3 


A 10= 


-9.2157 x 10- 5 


A 10= 


-4.0811 x 10' 4 


Diffraction surface 1 




-7.5479 x 10*3 






b 4 = 


6.5354 x 10- 4 








-5.9254 x 10' 4 








1.8987x 10-* 






b 10= 


-2.4754 x 10-5 
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[Table 21 ] (continued) 



20 



Aspherical surface /diffraction surface coefficient 


Aspherical surface 3 


K= 


0.0 








6.7309X10- 2 






Ae= 


-8.8713X10- 2 






Ae= 


4.2080 x 10- 2 






A 10 = 


-3.8927 x 10-2 






Aspherical surface 4 


K= 


0.0 






A 4 = 


9.9287x10-2 






As= 


-2.0045 x 10' 1 






A 8 = 


1.9940X 10' 1 j 






A i0 = 


1.3539 x 10- 1 







[0321 ] Table 22 is the lens data according to the objective lens of Example 1 2, and Table 23 is the aspherical surface 
data according to the objective lens of Example 12. Fig. 33(a)is an optical path view in the case where the light flux 

25 whose light source wavelength is 400 nm is incident on the objective lens of Example 12, and Fig. 33(b) is an optical 
path view in the case where the light flux whose light source wavelength is 650 nm is incident on the objective lens of 
Example 12. Fig. 34(a)is a spherical aberration view in the case where the light flux whose light source wavelength is 
in the vicinity of 400 nm is incident on the objective lens of Example 11 , and Fig. 34(b) is a spherical aberration view 
in the case where the light flux whose light source wavelength is in the vicinity of 650 nm is incident on the objective 

30 lens of Example 12. 
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[Table 22] 



5 


Surface No. 




R 


D 


11 

(X =400 run) 


n 

{X =650 
nm) 






Light source 




oo 


do 










Aperture 




oo 


0.0 






10 


1 


(Aspherical 
















surface 1 
diffraction 


z 


.5321 


2.489 


1 . bt) /67 


1 . 49529 






surface 1) 












15 


2 


(Aspherical 
surface 2) 


17 


.6737 


1.106 








3 


(Aspherical 
surface 3 ) 


1 


.1134 


1.034 


1.60039 


1.58037 




4 




-199 


.389 


d4 






20 


5 
6 


Cover glass 
Cover glass 




oo 

00 


d5 
0.00 


1.62158 


1.57756 




Image surface 















When X =400 nm 


When X =650 nm 


f 


2.34 


2.40' 


NA 


0.85 


0.86 


dO 


oo 


22.524 


d4 


0.2928 


0.2011 


d5 


0.10 


0.60 



35 [Table 23] 



Aspherical surface /diffraction surface coefficient 


Aspherical surface 1 


Aspherical surface 2 


K= 


0.0 


K= 


0.0 


A 4 = 


4.4218 x 10-3 


A 4 = 


5.5520x10-2 


Ae= 


-2.8290 x10' 3 


Ae= 


-3.2287 x 10- 2 




4.8087 X10" 4 


A 8 = 


6.4661 x ID" 3 


Aio= 


-9.6310X10- 5 


Aio= 


-3.461 6 x 10- 4 


Diffraction surface 1 


b2= 


-7.1549 x 10-3 






b4= 


6.8588 x 10- 4 






be= 


r6.1172x10' 4 








1. 8122X10- 4 






b 10= 


-2.0035x10-5 







69 



EP 1 102 251 A2 



[Table 23] (continued) 



Asphericai surface /diffraction surface coefficient 


Aspherical surface 3 


K= 


0.0 






A4= 


6.6942 x 10- 2 






Ae= 


-1.1213X 10* 1 






A 8 = 


6.2206 x 10- 2 






A 10 = 


-7.6179x10-2 






Aspherical surface 4 


K= 


0.0 






A 4 = 


1.2260X 10- 1 






Ae= 


-4.4575 x 10- 1 






Ae= 


4.4697 x 10' 1 






Aio= 


6.3971 x 10-2 







[0322] As described above, in any one of the objective lenses of Examples, it can be seen that the spherical aberration 
is suppressed small. 

2s [0323] Incidentally, in Examples 8, 9, and 10, the object point position is infinite for any one of the first information 
recording medium, and the second information recording medium. In Examples 11 and 12, the object point position is 
infinite for the first information recording medium, and the object point position is finite for the second information 
recording medium. Further, in Examples 8 and 12, the spherical aberration for the aperture from NA2 to NA1 is made 
flare for the second information recording medium. Further, in Example 9, 1 0 and 11 , the spherical aberration for the 

30 aperture from NA2 to NA1 is corrected to a small amount for the second information recording medium. 

[0324] In the condition of use of the objective lens, the numerical aperture on the image side of the light flux emitted 
from the objective lens may be different in such a manner as the numerical aperture NA1 or NA2 necessary for the 
recording and reproducing of each information recording medium. 

[0325] In each Example, as the NA in the aberration view, the NA determined by the aperture of a predetermined 
35 aperture diameter, provided on the tangential plane of the first surface, is shown, however, the aperture may be provided 
at another position, and the aperture diameter may be reduced for the second information recording medium. Inciden- 
tally, the maximum NA in each wavelength used in the calculation of the wave front aberration is the NA determined 
by the aperture of the predetermined aperture diameter, and although it is a little different from the NA1 necessary for 
the recording and reproducing of the first information recording medium, there is no large difference in a value of the 
40 wave front aberration. 

[0326] Referring to the drawings, a preferred embodiment of the present invention will be described below. The 
diffraction surface is expressed by the mother aspherical surface showing the macro shape in which the diffraction 
relief is removed, and the optical path difference function. The optical path difference function expresses the optical 
path difference added by the diffraction surface to the diffraction light of the predetermined order number with the 
45 predetermined production wavelength, and the diffracting ring-shaped band is provided every time when the value of 
optical path difference function is changed by mk (m is the order number of the diffraction). 

[0327] In the example of the present invention, the mother aspherical surface of the diffraction surface and the optical 
path difference function are expressed by respectively other functions in the inside (optical axis side) and the outside 
(peripheral side)by defining the distance hb from the optical axis as a border. 
so [0328] in this case, constant terms are provided in the outside mother aspherical surface and the outside optical 
path difference function so that the mother aspherical surface and the optical path difference function are practically 
continuous. The optical path difference function O(h) is expressed by the following expression. 

<D(h) = bO + b2 x h 2 + b4 x h 4 + b6 x h 8 + ... (17) 



Where, 
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h: distance from the optical axis, 

bO, b2, b4, b6: coefficients of the optical path difference function. 
[0329] On the one hand, the aspherical surface is expressed by the following expression. 

X = (h 2 /r)/(1 + V(1 - (1 + k)h 2 /r 2 )) +A0 +A2 x h 2 + A4 x h 4 + A6 x h 6 + (18) 

Where, 

AO, A2, A4, A6, ... aspherical surface coefficient, 

k: conical coefficient, 

r: paraxial radius of curvature, 

15 r, d, n, vd respectively express the radius of curvature of the lens, spacing, refractive index in the reference wavelength, 
and Abbe's number. 

[0330] When the above definition is based on, by making the second order coefficient of the optical path difference 
function a value of not zero, the lens can be caused to have the power. Further, when the coefficient of other than the 
second order of the optical path difference function, for example, the 4-th order coefficient, the 6-th order coefficient, 
20 the 8-th order coefficient, the 1 0-th order coefficient, etc., are made to values of not zero, the spherical aberration can 
be controlled. Incidentally, [to control] means that the spherical aberration possessed by a portion having the refractive 
power is corrected by generating the reverse spherical aberration, or the spherical aberration of the whole is made to 
a desired value. 

[0331] Fig. 35 is a outline structural view of the optical pick-up apparatus according to the present embodiment. In 
25 Fig. 35, the optical pick-up apparatus has the first light source 11 to conduct the recording and/or reproducing for the 
first optical information recording medium (optical disk, for example, CD), and the second light source 12 whose wave- 
length is different from that of the first light source 11 , to conduct the recording and/or reproducing for the second optical 
information recording medium, and has coupling lenses 21 , 22 to convert the divergence angles of the divergence light 
flux emitted from respective light sources into the desired divergence angles, a beam splitter 62, which is an optical 
30 composition means, to compose the light flux so that the light flux advances to almost one direction, an objective lens 
3 to converge the light flux from the beam splitter 62 onto the information recording surface 5 of the optical information 
recording medium, and light detectors 41 and 42 for light receiving the reflected light from the optical information 
recording medium. In the drawing, numeral 8 is an aperture, numeral 9 is a cylindrical lens, numerals 71 and 72 are 
1/4 wavelength plates, numeral 15 is a coupling lens to reduce the divergent order number of the divergent light flux 
35 from the light source 11 , numeral 16 is a concave lens, and numeral 17 is a hologram to separate the reflected light 
flux. The objective lens 3 uses examples 1 , and 2, which will be described later. 

[0332] The first light source 11 emits the laser light of the wavelength XI = about 650 nm, and in this case, the 
numerical aperture of the objective lens necessary for recording and/or reproducing forthe optical information recording 
medium (DVD) whose transparent substrate thickness tl is 0.6 mm, is NA1 = 0.63. The second light source 12 emits 
40 the laser light of the wavelength X2 = about 780 nm, and in this case, the numerical aperture of the objective lens 
necessary for recording and/or reproducing forthe optical information recording medium (CD) whose transparent sub- 
strate thickness t2 is 1 .2 mm, is NA2 = 0.5. 



45 



(Example 13) 

[0333] Fig. 36 is a sectional view of the objective lend of Example 13, and Figs. 37 and 38 are spherical aberration 
views in the objective lens in Example 13. In (Table 24], the lens data in Example 13 is shown. 
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(Table 24] 





Example (1) 


5 
10 


When the light source wavelength W = 650 nm, 
the focal distance f1 = 3.36 (mm), 
the image side numerical aperture NA = 0.63. 

When the light source wavelength X2 = 780 nm, 
the focal distance f2 = 3.38 (mm), 
the image side numerical aperture NA = 0.63 
(the predetermined numerical aperture NA = 0.50). 




Surface No. 


R 


D1 


D2 


n1 


n2 




Object point 




oo 


oo 






15 


1 (Aspherical 
surface 1 , 
diffraction 
surface) 




2.20 


2.20 


1.54113 


1 .53728 


20 


2 (Aspherical 
surface 2) 


-8.52459 


1.75 


1.38 






3 (Cover glass) 


DO 


0.60 


1.20 


1.57787 


1 .57084 




4 


oo 










25 


Suffix 1 shows, when X = 650 nm, suffix 2 shows, when X = 780 nm. 
* When NA is lower than 0.5, the first degree diffraction is used, when NA Is lager than 0.5, the second degree 
diffraction is used. 

The border hb = 1 .68 




Coefficient of the optical path difference function 


30 


when h ^ hb 
b2= 




0 


* Optical path difference function of the first degree diffraction 
light (production wavelength 710 nm) 




b4= 




-0.14329 x 10- 2 










b6= 




0.13445 x 10-2 








35 


b8= 
b10= 




-0.66304x 10 4 
0.56136x 10-6 


* diffraction ring band is provided every time when 1 X is 
changed. 




when h > hb 
b0= 




-0.12780 x 10- 3 


* Optical path difference function of the second degree 
diffraction light (production wavelength 650 nm) 


40 


b2= 
b4= 
b6= 




-0.15989 X 10 2 
-0.12325 X 10 2 
0.29589 x 10 2 








45 


b8= 
b10= 




-0.51877 x 10- 4 
0.31 523 x 10" 5 


* diffraction ring band is provided every time when 2 X is 
changed. 




Aspherical surface coefficient 




when h ^ hb 


The first surface R 


50 


k= 




-2.5093 








A4= 
A6= 




0.25830 x 10' 1 
-0.29872 x 10-2 


when h s hb, R = 2.241 
when h<hb, R = 2.102 






A8= 




0.341 07 x 10- 3 








55 


A10= 




-0.23030 x 10 4 
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(Table 24] (continued) 



Aspherical surface coefficient 


when h > hb 


k= 


-0.41071 


A0= 


0.16800X10* 3 


A4= 


0.13119 x 10' 1 


A6= 


-0.66292 x 10*2 


A8= 


0.13863 x 10- 2 


A 10= 


-0.12236 x 10 3 


Aspherical surface coefficient 


the second surface 


k= 


8.53682 


A4= 


0.250210 x 10 1 


A6= 


-0.140613 x10' 1 


A8= 


0.689092X 10- 2 


A10= 


-0.205553 x 10-2 


A 12= 


0.327714x10-3 


A 14= 


-0.216581 X 10 4 



15 



20 



25 



30 



35 



40 



(Example 14) 

[0334] Fig. 39 is a sectional view of the objective lens in Example 14, and Figs. 40 and 41 are spherical aberration 
views in Example 14. In [Table 25], the lens data of the objective lens in Example 14 is shown. 

[Table 25] 



Example (1) 


When the light source wavelength X1 = 650 nm, 
the focal distance f1 = 3.36 (mm), 
the image side numerical aperture NA = 0.63. 

When the light source wavelength X2 = 780 nm, 
the focal distance f2 = 3.38 (mm), 
the image side numerical aperture NA = 0.63 
(the predetermined numerical aperture NA = 0.50). 


Surface No. 


. R 


D1 


D2 


n1 


n2 


Object point 




oo 


oo 






1 (Aspherical 
surface 1 , 
diffraction 
surface) 


2.05803 


2.20 


2.20 


1.54113 


1.53728 


2 (Aspherical 
surface 2) 


9.74191 


1.72 


1.33 






3 (Cover glass) 




0.60 


1.20 


1 .57787 


1.57084 


4 












Suffix 1 shows, when X = 
* When NA is lower than 0.5, 
diffraction is used. 

The border hb = 1 .68 


650 nm, suffix 2 shows, when X = 780 nm. 

the first degree diffraction is used, when NA is lager than 0.5, the second degree 
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[Table 25J (continued) 





Example (1) 




Coefficient of the optical path difference function 


5 


when h ^ hb 

b2= 

b4= 


0 

-0.11414x10 3 






10 


b6= 


-0.83830x10 3 


* Optical path difference function of the first degree diffraction 
light (production wavelength 71 0 nm) 




b8= 


0.19320 x 10- 3 








b10= 


-0.11557 X10- 4 






15 






* diffraction ring band is provided every time when 1 X is 

changed. ! 




when h > hb 








20 


b4= 
b6= 


-0.10449x10-3 
-0.76746 X 10- 3 








b8= 


0.17687 x 10-3 


•Optical path difference function of the second degree diffraction 
light (production wavelength 650 nm) 


25 


b10= 


-0.10580x 10*4 












•diffraction ring band is provided every time when 2 A. is changed. 


30 


Aspherical surface coefficient 


Aspherical surface coefficient 




The first surface 


The second surface 




k= 


-0.97964 


k= 


19.22147 


35 


A4= 


0.63335 x 10" 2 


A4= 


0.946777 x 10 2 


A6= 


-0.17357x10 2 


A6= 


0.222870 x 10- 2 




A8= 


0.59220X 10 3 


A8= 


-0.114464 x 10- 2 




A10= 


-0.52764x10 4 


A10= 


0.1 64623 x 10-3 



40 

[0335] Incidentally, the maximum value and the minimum value of the difference in level of the diffracting ring-shaped 
band blazed in the objective lens in Examples 13 and 14 are shown in [Table 26]. 

[Table 26] 





Example 13 


Example 1 4 


Maximum value of difference in level (ujti) 


3.26 


3.31 


Minimum value of difference in level (u,m) 


1.36 


1.37 


Ratio 


2.4 


2.4 



[0336] According to the objective lens in Examples 13 and 14, this will be further detailed below. The objective lens 
in Examples 13 and 14 can be used for the information recording or reproducing of the DVD as the first optical infor- 
mation recording medium whose substrate thickness is 0.6 mm, by the light flux from the light source of the wavelength 
650 nm, further, can be used for the information recording or reproducing of the CD as the second optical information 
recording medium whose substrate thickness is 1.2 mm by the light flux from the light source of the wavelength 780 
nm. The maximum numerical aperture NA is 0.63, and the necessary numerical aperture NA for the CD by the wave- 
length 780 nm, is 0.50. 
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[0337] The diffraction surface of the objective lens is provided on the first surface, and in the range lower than NA 
0.5, it is blazed for the + first order diffracted ray, that is, the intensity of + first order diffracted ray is the' highest. The 
direction of + first order diffracted ray is a direction to which the light flux is more converged than 0-order light. When 
it is blazed, the production wavelength of the light source is 780 nm, that is, the diffraction efficiency is made maximum 

5 for the light flux from the light source of the wavelength of 780 nm. 

[0338] Further, in the range larger than the numerical aperture NA 0.5, It is blazed for the + second order diffracted 
ray, that is, the intensity of + second order diffracted ray is the highest. As compared to the case where it is blazed by 
the +first order diffracted ray, the ring-shaped band interval is about 2 times, and the depth of the difference in level 
between ring-shaped bands is also about 2 times. When it is blazed in this manner, the production wavelength of the 

io light source is 650 nm. 

[0339] In this objective lens, the spherical aberration is generated in the light flux in which the numerical aperture 
NA on the CD side is more than 0.5, and the flare is generated, so that the same spot diameter as the diffraction limit 
lens whose numerical aperture NA on the CD side is 0.5 can be obtained also by the light flux of the aperture diameter 
of numerical aperture NA 0.63. When this flare is converged into the narrow range, or the intensity is large, there is a 

15 possibility that it is erroneously detected by the detector as the focus signal or tracking signal. 

[0340] In the case where the optimum blazing is conducted on + first order diffracted ray, when the ideal blaze shape 
is the diffraction efficiency is 100 % in the light source wavelength 650 nm, the diffraction efficiency in the light source 
wavelength 780 nm Is 91 %. In the same manner, when the optimum blazing is conducted by + second order diffracted 
ray, the diffraction efficiency in the light source wavelength 780 nm is 68 %. Accordingly, when + second order diffracted 

20 ray is used in a portion more than the numerical aperture NA 0.5, because the light flux generated as the flare is 
dispersed to other order numbers at the time of information recording or reproducing of the CD, and the diffraction 
efficiency is lowered, the influence of the flare of the main order number (+second order)can be decreased. Further, 
in this case, the light flux of other unnecessary order numbers such as + first order light, and + third order light, can 
be made to larger flare on the recording surface, thereby, the influence can be suppressed to be small. 

25 [0341] In Fig. 42, the spot diagram of the light flux more than numerical aperture NA 0.5 when the information re- 
cording or reproducing is conducted on the CD by the objective lens in Example 13, is shown. According to such the 
spot diagram, it can be seen that, when the information recording or reproducing is conducted on the DVD, + second 
order diffracted ray passing through the numerical aperture NA 0.5 - 0.63, is formed on the information recording 
surface as a spot light. Accordingly, by using the high intensive light, good information recording or reproducing can 

30 be performed. On the one hand, it can be seen that, when the information recording or reproducing is conducted on 
the CD, + first order diffracted ray passing through the numerical aperture NA 0.5 - 0.63, is formed on the information 
recording surface as a wide range of flare light, thereby, the erroneous detection of the detector can be prevented. 
Further, for both of the CD and DVD, the first order diffracted ray and the third order diffracted ray are also formed as 
a wide range of ftare light. 

35 [0342] Further, the objective lens of the optical pick-up apparatus is generally produced by molding the plastic or 
glass by a die, and the die is processed by cutting by using a super precision lathe. In the diffraction lens having the 
diffracting ring-shaped band, as shown in Fig. 43, the sectional shape including the optical axis is the saw-toothed 
shape, and when the die is processed, because the edge of the blade for cutting has a some degree of large roundness, 
the edge of the saw tooth gets out of shape corresponding to the largeness of the roundness. In the portion which gets 

40 out of shape, the effective light amount is lost, however, when the interval (pitch) between ring-shaped bands is narrow, 
the loss becomes large. 

[0343] For example, in the case where the loss is found in the objective lens in Example 1 3, when the most peripheral 
side ring-shaped band (ring-shaped band interval 22 jjxn) is blazed by the cutting edge having the roundness of radius 
of 4 jim at + first order diffracted ray, the calculation value of the transmission light amount loss at this ring-shaped 

45 band is 16.4 %. In contrast to this, as the above embodiment, when blazing is conducted so that the light intensity of 
+ second order diffracted ray is the highest in more than numerical aperture NA 0.5, the calculation value of the trans- 
mission light amount loss at this ring-shaped band is 14.9 % at the interval of the diffracting ring-shaped band is 44 
|xm. Accordingly, according to the present embodiment, the transmission light amount can be increased. 
[0344] According to the present invention, although the small number of optical elements or objective lens are used, 

so the optical elements appropriate for the optical pick-up apparatus, and the optical pick-up apparatus using these optical 
elements, in whfch the recording and/or reproducing (hereinafter, simply called recording and reproducing) of the in- 
formation can be conducted on the optical information recording media with different thickness, and the erroneous 
detection can be suppressed, can be provided. 

[0345] Disclosed embodiment can be varied by a skilled person without departing from the spirit and scope of the 
55 invention. 
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Claims 

1 . An optical pickup apparatus to conduct reproducing and/or recording information of a first optical information re- 
cording medium including a first transparent base plate having a thickness of t1 and a second optical information 
5 recording medium including a second transparent base plate having a thickness of t2 (t2>t1), comprising: 

a first light source to emit a first light flux having a wavelength of X1 ; 
a second light source to emit a second light flux having a wavelength of A2 (X1 < X2); 
a converging optical system to converge the first light flux or the second light flux onto a first information 
recording surface of the first optical information recording medium or a second information recording surface 
of the second optical information recording medium, the converging optical system having an objective lens; 
and 

an optical detector to receive reflected light from the first optical information recording medium or the second 
optical information recording medium; 

wherein the converging optical system comprises a diffracting section on an entire surface in an effective 
aperture or an almost entire surface in the effective aperture of at least one surface thereof, 
the converging optical system generates a m-th order diffracted light ray (m being an integer other than zero) 
more than other order diffracted light rays when the first light flux passes the diffracting section and converges 
the m-th order diffracted light ray onto the first information recording surface so as to conduct the reproducing 
and/or recording information of the first optical information recording medium; 

the converging optical system generates a n-th order diffracted light ray (n being an integer other than zero) 
more than other order diffracted light rays when the second light flux passes the diffracting section and con- 
verges the n-th order diffracted light ray onto the second information recording surface so as to conduct the 
reproducing and/or recording information of the second optical information recording medium; and 
a spherical aberration has at least one discontinuous portion or at least one substantially discontinuous portion 
when the converging optica! system converges the second light flux onto the second information recording 
surface so as to conduct reproducing and/or recording the information of the second optical information re- 
cording medium. 

30 2. The optical pickup apparatus of claim 1 , wherein the following formula is satisfied: 

m = n 

35 3. The optical pickup apparatus of claim 1 , wherein when an optica! path difference function of the diffracting surface 
is (|>(h) where h is a distance from the optical axis along the direction perpendicular to the optical axis at the surface 
provided with the diffracting section, d<j>(h)/dh is discontinuous or substantially discontinuous at least one point, 
whereby the spherical aberration has at least one discontinuous portion'or at least one substantially discontinuous 
portion when the converging optical system converges the second light flux onto the second information recording 

40 surface so as to conduct reproducing and/or recording the information of the second optical information recording 

medium. 

4. The optical pickup apparatus of daim 3, wherein the diffracting section has plural diffracting ring-shaped bands in 
which a prescribed ring-shaped band is located at the outermost side among inner ring-shaped bands located on 
« an inside of the point of h where d$(h)/dh is discontinuous or substantially discontinuous and a neighbor ring- 

shaped band neighbors the prescribed ring-shaped band and is located on an outside of the point of h and, and 
wherein a width of the prescribed ring-shaped band along a direction perpendicular to an optical axis of the surface 
having the diffracting section is smaller than that of the neighbor ring-shaped band. 

so 5. The optical pickup apparatus of claim 1 , wherein a necessary numerical aperture at an optical information recording 
medium-side of the converging optical system necessary to conduct recording or reproducing the information of 
the first optical information recording medium with the first light flux is NA1 and a necessary numerical aperture 
at an optical information recording medium-side of the converging optical system necessary to conduct recording 
or reproducing the information of the second optical information recording medium with the second light flux is 

55 NA2 (NA1 > NA2), and wherein among the second light flux having passed the objective lens, a light flux having 

passed a portion of the objective lens whose numerical aperture at the optical information recording media-side 
is not smaller than NA2 and is not larger than NA1 forms a spot on the second information recording surface 
through the second transparent base plate of the second optical information recording medium, a diameter of the 
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spot is not smaller than w2 and is not larger than wl, and the following conditional formulas are satisfied: 

10 u>m 5 w2 < 50 u,m. 

5 

20 jim £ w1 - w2 £ 1 1 0 jim 

6. The optical pickup apparatus of claim 1, wherein when the diffracting section is provided on an aspheric surface 
10 of the objective lens and a length x along an optical axis of the objective lens is x coordinate and a height h 

perpendicular to the optical axis is h coordinate, dx/dh is discontinuous or substantially discontinuous at at least 
one point on a basic aspheric surface of the aspheric surface provided with the diffracting section, whereby the 
spherical aberration has at least one discontinuous portion or at least one substantially discontinuous portion when 
the converging optical system converges the second light flux onto the second information recording surface so 
15 as to conduct reproducing and/or recording the information of the second optical information recording medium. 

7. The optical pickup apparatus of claim 1, wherein the diffracting section is provided on a surface of the objective 
lens and the objective lens has a stepped portion in an effective aperture. 

20 8. The optical pickup apparatus of claim 1 , wherein a necessary numerical aperture at an optical information recording 
medium-side of the converging optical system necessary to conduct recording or reproducing the information of 
the first optical information recording medium with the first light flux is NA1 and a necessary numerical aperture 
at an optical information recording medium-side of the converging optical system necessary to conduct recording 
or reproducing the information of the second optical information recording medium with the second light flux is 

25 NA2 (NA1 > NA2), and wherein among the first light flux having passed the objective lens, when a first light flux 

having passed a portion of the objective lens whose numerical aperture at the optical information recording media- 
side is not larger than NA1 passes through the first transparent base plate of the first optical information recording 
medium, a wave front aberration of the first light flux on the first information recording surface is not larger than 
0.07X1 rms, and among the second light flux having passed the objective lens, when a second light flux having 

30 passed a portion of the objective lens whose numerical aperture at the optical information recording media-side 

is not larger than NA2 passes through the second transparent base plate of the second optical information recording 
medium, a wave front aberration of the second light flux on the second information recording surface is not larger 
than 0.07X2 rms. 

35 9. The optical pickup apparatus of claim 8, wherein among the second light flux having passed the objective lens, 
when the second light flux having passed a portion of the objective lens whose numerical aperture at the optical 
information recording media-side is not larger than NA2 passes through the second transparent base plate of the 
second optical information recording medium, a third-order spherical aberration component of the wave front ab- 
erration of the second light flux on the second information recording surface shows an over characteristic and an 

40 absolute value (WSA2 • X2 rms) of the third-order spherical aberration component satisfies the following conditional 

formula: 

0.02X2 rms £ WSA2 • X2 rms <, 0.06X2 rms 

45 

10. The optical pickup apparatus of claim 8, wherein among the first light flux having passed the objective lens, when 
the first light flux having passed a portion of the objective lens whose numerical aperture at the optical information 
recording media-side is not larger than NA1 passes through the first transparent base plate of the first optical 
information recording medium, an absolute value (WSA1 • X1 rms) of a third-order spherical aberration component 

so of the wave front aberration of the first light flux on the first information recording surface satisfies the following 

conditional formula: 

WSA1 • X1 rms £ 0.04X1 rms 

55 

11 . The optical pickup apparatus of claim 1 , wherein the spherical aberration has two or more discontinuous portions 
or two or more substantially discontinuous portions when the converging optical system converges the second 
light flux onto the second information recording surface so as to conduct reproducing and/or recording the infor- 
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mation of the second optical information recording medium. 

12. The optical pickup apparatus of claim 1 , wherein the objective lens is a single lens having a positive refracting 
power 

13. The optical pickup apparatus of claim 1 , wherein the objective lens comprises a first lens having a positive refracting 
power and a second lens having a positive refracting power. 

14. The optical pickup apparatus of claim t, wherein the diffracting section comprises plural diffracting ring-shaped 
bands among which at least one diffracting ring-shaped band satisfies the following conditional formula: 

1.2$P M /P, £10 

where P| is a width of the diffracting ring-shaped band located at i-th place counted from an optical axis of the 
surface provided with the diffracting section to a periphery of the objective lens in which the width is along the 
direction vertical to the optical axis. 

15. The optical pickup apparatus of claim 1 , wherein a number m of a ring-shaped band through which a light ray of 
NA of 0.60 passes satisfies the following conditional formula: 

22 5 m £ 32 

wherein a number of ring-shaped band located on an optical axis on a surface provided with the diffracting section 
is 1 and the number m is counted toward the periphery side. 

1 6. The optical pickup apparatus of claim 1 , wherein a necessary numerical aperture at an optical information recording 
medium-side of the converging optical system necessary to conduct recording or reproducing the information of 
the first optical information recording medium with the first light flux is NA1 and a necessary numerical aperture 
at an optical information recording medium-side of the converging optical system necessary to conduct recording 
or reproducing the information of the second optical information recording medium with the second light flux is 
NA2 (NA1 > NA2), and wherein among the first light flux having passed the objective lens, when a first light flux 
having passed a portion of the objective lens whose numerical aperture at the optical information recording media- 
side is not larger than NA1 passes through the second transparent base plate of the second optical information 
recording medium, a wave front aberration of the first light flux on the first information recording surface is not 
larger than 0.07X1 rms, and among the second light flux having passed the objective lens, when a partial second 
light flux having passed a portion of the objective lens whose numerical aperture at the optical information recording 
media-side is not larger than NA2 passes through the second transparent base plate of the second optical infor- 
mation recording medium, a wave front aberration of the partial second light flux on the second information re- 
cording surface is not larger than 0.07X2 rms, and when another partial second light flux having passed a portion 
of the objective lens whose numerical aperture at the optical information recording media-side is larger than NA2 
passes through the second transparent base plate of the second optical information recording medium, a wave 
front aberration of the another partial second light flux on the second information recording surface is larger than 
0.07X2 rms. 

17. The optical pickup apparatus of claim 1 , wherein a numerical aperture of NAZ is a predetermined value which 
satisfies the following conditional formula: 

0.43 <, NAZ £ 0.53, 

and 

wherein among the second light flux having passed the objective lens, when a partial second light flux having 
passed a portion of the objective lens whose numerical aperture at the optical information recording media-side 
is not smaller than NAZ and not larger than 0.7 passes through the second transparent base plate of the second 
optical information recording medium and when another partial second light flux having passed a portion of the 
objective lens whose numerical aperture at the optical information recording media-side is smaller than NAZ passes 
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through the second transparent base plate of the second optical information recording medium, an amount of 
spherical aberration of the partial second light flux is larger by 1 0X2 or more than that of the another partial second 
light flux. 

5 18. The optical pickup apparatus of claim 1 , wherein the optical detector comprises a light receiving surface arranged 
at a predetermined position and a numerical aperture of NAZ is a predetermined value which satisfies the following 
conditional formula: 

w 0.43 £ NAZ £ 0.53, 

and 

wherein among the second light flux having passed the objective lens, when a partial second light flux having 
passed a portion of the objective lens whose numerical aperture at the optical information recording media-side 

15 is smaller than NAZ passes through the second transparent base plate of the second optical information recording 

medium, reflected light of the partial second light flux from the second recording surface proceeds into the light 
receiving surface of the optical detector and when another partial second light flux having passed a portion of the 
objective lens whose numerical aperture at the optical information recording media-side is not smaller than NAZ 
passes through the second transparent base plate of the second optical information recording medium, reflected 

20 light of the another partial second light flux from the second recording surface proceeds into a periphery region 

other than the light receiving surface of the optical detector. 

19. The optical pickup apparatus of claim 1, wherein the optical detector comprises a central light receiving surface 
and a peripheral light receiving surface arranged at predetermined positions respectively and a numerical aperture 

25 of NAZ is a predetermined value which satisfies the following conditional formula: 

0.43 <S NAZ <, 0.53, 

30 and 

wherein among the second light flux having passed the objective lens, when a partial second light flux having 
passed a portion of the objective lens whose numerical aperture at the optical information recording media-side 
is not smaller than NAZ passes through the second transparent base plate of the second optical information re- 
cording medium, reflected light of the another partial second light flux from the second recording surface proceeds 
35 into the peripheral light receiving surface of the optical detector other than the central light receiving surface or a 

periphery region other than the periphery light receiving surface. 

20. The optical pickup apparatus of claim 1 , wherein the diffracting section comprises a first diffracting section and a 
second diffracting section and an order number of a strongest diffracted light ray generated by the first diffracting 

40 section for a light flux having a predetermined wavelength and an order number of a strongest diffracted light ray 

generated by the second diffracting section for the light flux having the predetermined wavelength are different 
from each other and not zero respectively. 

21 . The optical pickup apparatus of claim 1 , wherein the diffracting section comprises a first diffracting section and a 
« second diffracting section and an order number of a strongest diffracted light ray generated by the first diffracting 

section for a light flux having a predetermined wavelength and an order number of a strongest diffracted light ray 
generated by the second diffracting section for the light flux having the predetermined wavelength are same to 
each other and not zero respectively. 

so 22. An objective lens for use in an optical pickup apparatus to conduct reproducing and/or recording information of an 
optical information recording medium having a transparent base plate, comprising: 
at least one surface; 

wherein a diffracting section is provided on an entire surface of an effective aperture of the surface or an almost 
entire surface of the effective aperture of the surface, wherein when a light flux having a predetermined wavelength 
55 passes the diffracting section, the objective lens generate a m-th order diffracted light ray (m being an integer other 

than zero) more than other order light rays and when the m-th order diffracted light ray is converged through a 
transparent base plate having a predetermined thickness, a spherical aberration has at.least one discontinuous 
portion or at least one substantially discontinuous portion. 
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23. The objective lens of claim 21 , wherein the optical pickup apparatus conducts reproducing and/or recording infor- 
mation of a first optical information recording medium including a first transparent base plate having a thickness 
of tl and a second optical information recording medium including a second transparent base plate having a thick- 
ness oft2(t2>t1) ( 

when a first light flux having a wavelength of X1 passes the diffracting section, the objective lens generates 
the m-th order diffracted light ray (m being an integer other than zero) more than other order diffracted light 
rays and converges the m-th order diffracted light rays onto a first information recording surface so that the 
optica! pickup apparatus conducts the reproducing and/or recording information of the first optical information 
recording medium; 

when a second light flux having a wavelength of X2 < X2) passes the diffracting section, the objective lens 
generates the n-th order diffracted light ray (n being an integer other than zero) more than other order diffracted 
light rays and converges the n-th order diffracted light rays onto a second information recording surface so 
that the optical pickup apparatus conducts the reproducing and/or recording information of the second optical 
information recording medium; and 

when the objective lens converges the second light flux onto the second information recording surface, a 
spherical aberration has at least one discontinuous portion or at least one substantially discontinuous portion. 

24. The. objective lens of claim 23, wherein the following formula is satisfied: 

m = n 

25. The objective lens of claim 23, wherein when an optical path difference function of the diffracting surface is $(h) 
where h is a distance from the optical axis, d<|>(h)/dh is discontinuous or substantially discontinuous at least one 
point, whereby the spherical aberration has at least one discontinuous portion or at least one substantially discon- 
tinuous portion when the converging optical system converges the second light flux onto the second information 
recording surface so as to conduct reproducing and/or recording the information of the second optical information 
recording medium, 

26. The objective lens of claim 25, wherein the diffracting section has plural diffracting ring-shaped bands in which a 
prescribed ring-shaped band is located at the outermost side among inner ring-shaped bands located on an inside 
of the point of h where d$(h)/dh is discontinuous or substantially discontinuous and a neighbor ring-shaped band 
neighbors the prescribed ring-shaped band and is located on an outside of the point of h and, and wherein a width 
of the prescribed ring-shaped band along a direction perpendicular to an optical axis of the surface having the 
diffracting section is smaller than that of the neighbor ring-shaped band. 

27. The objective lens of claim 23, wherein when the objective lens has an aspheric surface and a length x along an 
optical axis of the objective lens is x coordinate and a height h perpendicular to the optical axis is h coordinate, 
dx/dh is discontinuous or substantially discontinuous at least one point on a basic aspheric surface of the aspheric 
surface. 

28. The objective lens of claim 23, wherein the objective lens has a stepped portion in an effective aperture. 

29. The objective lens of claim 23, wherein when the objective lens converges the second light flux onto the second 
information recording surface in order to conduct reproducing and/or recording the information of the second optical 
information recording medium, a spherical aberration has at least two discontinuous portion or at least two sub- 
stantially discontinuous portion. 

30. The objective lens of claim 22, wherein the objective lens is a single lens having a positive refracting power. 

31 . The objective lens of claim 22, wherein the objective lens comprises a first lens having a positive refracting power 
and a second lens having a positive refracting power. 

32. The objective lens of claim 22, wherein the diffracting section comprises plural diffracting ring-shaped bands among 
which at least one diffracting ring-shaped band satisfies the following conditional formula: 



80 



* t 

EP1 102 251 A2 

1.2SP M /P|S10 

where P| is a width of the diffracting ring-shaped band located at i-th place counted from an optical axis of the 
5 surface provided with the diffracting section to a periphery of the objective lens in which the width is along the 

direction perpendicular to the optical axis. 

33. The objective lens of claim 22, wherein a number m of a ring-shaped band through which a light ray of NA of 0.60 
passes satisfies the following conditional formula: 

10 

22 <S m £ 32 

wherein a number of ring-shaped band located on an optical axis on a surface provided with the diffracting section 
is is 1 and the number m is counted toward the periphery side. 

34. The objective lens of claim 22, wherein the diffracting section comprises a first diffracting section and a second 
diffracting section and an order number of a strongest diffracted light ray generated by the first diffracting section 
and an order number of a strongest diffracted light ray generated by the second diffracting section for a light flux 

20 having a predetermined wavelength are different from each other and not zero respectively. 

35. The objective lens of claim 22, wherein the diffracting section comprises a first diffracting section and a second 
diffracting section and an order number of a strongest diffracted light ray generated by the first diffracting section 
and an order number of a strongest diffracted light ray generated by the second diffracting section for a light flux 

25 having a predetermined wavelength are same to each other and not zero respectively. 

36. An optical information reproducing and/or recording apparatus to conduct reproducing and/or recording information 
of a first optical information recording medium including a first transparent base plate having a thickness of tl and 
a second optical information recording medium including a second transparent base plate having a thickness of 

30 & (t2>tl), comprising: 

an optical pickup apparatus comprising: 

a first light source to emit a first light flux having a wavelength of A.1 ; 
35 a second light source to emit a second light flux having a wavelength of X2 < A2); 

a converging optical system to converge the first light or the second light flux onto a first information 
recording surface of the first optical information recording medium or a second information recording sur- 
face of the second optical information recording medium, the converging optical system having an objec- 
tive lens; and 

40 an optical detector to receive reflected light from the first optical information recording medium or the 

second optical information recording medium; 

wherein the converging optical system comprises a diffracting section on an entire surface in an effective 
aperture or an almost entire surface in the effective aperture of at least one surface thereof, 
45 the converging optical system generates a m-th order diffracted light ray (m being an integer other than zero) 

more than other order diffracted light rays when the first light flux passes the diffracting section and converges 
the m-th diffracted light ray onto the first information recording surface so as to conduct the reproducing and/ 
or recording information of the first optical information recording medium; 

the converging optical system generates a n-th order diffracted light ray (n being an integer other than zero) 
so more than other order diffracted light rays when the second light flux passes the diffracting section and con- 

verges the n-th diffracted light ray onto the second information recording surface so as to conduct the repro- 
ducing and/or recording information of the second optical information recording medium; and 
a spherical aberration has at least one discontinuous portion or at least one substantially discontinuous portion 
when the converging optical system converges the second light flux onto the second information recording 
55 surface so as to conduct reproducing and/or recording the information of the second optical information re- 

cording medium. 




81 




EP 1 102 251 A2 
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FIG. 2 




83 



EP 1 102 251 A2 



FIG. 3(a) 
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FIG. 4 
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FIG. 5(a) 
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FIG. 7(a) 



644nm 



NA0.63 
t 1-00 



-/■■ 0.75 



n 



\ 0.50 
-650nm 

-0.25 656nm 



i i i r 

-0.010 -0.005 0.0 0.005 0.010 

mm 

SPHERICAL ABERRATION (DVD) 



FIG. 7(b) 




770nm—^ I 



-0.010 -0.005 0.0 0.005 0.010 

mm 

SPHERICAL ABERRATION (CD) 



88 



EP1 102 251 A2 



FIG. 8(a) 
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FIG. 11 
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FIG. 13 
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FIG. 16 
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FIG. 18 
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FIG. 19 
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FIG. 21 
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FIG. 22 
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FIG. 23 
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FIG. 24 
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FIG. 25(a) 
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FIG. 26(a) 
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FIG. 27(a) 
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FIG. 28(a) 
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FIG. 29 (a) 
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FIG. 30(a) 
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FIG. 32(a) 
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FIG. 33 (a) 




114 



* " $ 



EP1 102 251 A2 



FIG. 34(a) 
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FIG. 35 
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FIG. 37 
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FIG. 38 
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FIG. 39 
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FIG. 40 
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FIG. 41 
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FIG. 42 

SPOT DIAGRAM OF LUMINOUS FLUX (NA 0.5 - 0.63) 
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FIG. 43 
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